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PPG  FACE 


No  t’^o  Investigators  would  precisely  agree  on  a  list  of  animals 
of  Interest  to  the  Quartermaster  Corns,  although,  obviously,  everyone 
would  agree  on  a  certain  minimum  list.  The  basis  of  the  following 
report  represents  necessarily,  to  a  considerable  extent,  my  own  per¬ 
sonal  reaction  to  the  problems  as  I  see  them,  end  I  can  merely  hope 
that  my  reactions  have  not  been  abnormal.  I  h^ve  felt  free  throughout 
the  work  to  make  choices  between  inclusion  and  exclusion.  For  example, 

I  have  Included  a  considerable  number  of  beetles  that  are  fairly  cer¬ 
tain  to  be  purely  predacious,  and  therefore,  actually  beneficial,  but 
the  data  at  hand  la  not  sufficient  to  prove  this  point.  On  the  other 
hand  I  have  excluded  all  those  Insects  which  are  of  relatively  freouent 
occurrence  in  connection  with  grain  and  wood,  but  which  are  known  to  be 
definitely  parasitic  or  predacious.  What  may  appear  to  be  a  more 
serious  omission  is  that  of  the  two  or  three  springtells  which  have 
been  reported  in  connection  with  stored  products,  and  a  few  species 
of  true  bugs  (Heraiotera) .  For  what  appeared  to  me  to  be  even  more 
compelling  reasons  I  have  been  frankly  eclectic  in  my  consideration 
of  control  measures.  It  seemed  useless,  for  example,  to  list  all  of 
the  described  ant  baits  when  a  simple  comparison  shows  that  many  of 
them  are  extremely  minor  modifications  of  others,  and  there  is  no 
clear  evidence  that  the  modifications  have  any  real  value.  I  have, 
therefore,  attempted  to  include  those  measures  whose  efficacy  is 
vouched  for  by  a  sufficient  background  of  practical  experience. 

For  the  most  pert  I  have  omitted  references  to  the  literature. 

The  material  in  this  report  is  derived  from  a  consideration  of  material 
contained  in  some  thousands  of  papers,  which  I  h*>ve  exanlned  either 
in  the  original  or  in  abstract.  Many  such  papers  each  contained  only 
a  single  fact  of  use. 

It  has  been  my  hope  that  this  report  would  serve  as  a  basis  for 
the  selection  by  the  proper  authorities  of  a  series  of  control  measure* 
and  for  the  establishment  of  a  control  organization,  which  should  lead 
as  far  as  possible  to  the  amelioration  of  damage  from  insect  attack, 

I  feel  that  I  should  address  one  word  specifically  to  the  gentle 
reader.  This  report  is  in  a  manner  of  sneaking  an  6-ring  circus,  end 
I  therefore  urge  the  reader  to  make  full  use  of  the  T°ble  of  Contents 
and.  the  Index  In  following  up  any  one  line  of  thought. 

There  remains  the  pleasant  duty  of  extending  my  thanks  and 
appreciation  to  those  who  have  also  labored  upon  it.  My  collaborator, 
Dr^  Russell,  performed  certain  very  necessary,  and  it  must  be  added, 
time-consuming  and  tedious  work.  My  only  regret  is  that  his  health, 
did  not  permit  him  to  continue  to  the  end  of  the  undertaking.  He  is 
not  to  be  held  responsible  for  any  errors  of  omission  or  commission. 

The  actual  work  of  putting  the  report  into  typewritten  form  in  its 
various  stages  ™es  performed  by  Miss  Frances  A.  Kerr,  Mrs.  J.  H.  Finton 
end  Miss  Louise  14.  Miller. 
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Note  to  the  Mimeographed  Edition 


This  edition  differs  in  a  few  minor  details  from  the  original 
typewritten  report.  All  the  additions  and  corrections  except  two 
have  been  embodied  in  the  text.  A  very  few  common  names  have  been 
added,  but  no  essential  changes  have  been  made. 


It  is  to  be  regretted  that  so  many  common  names  of  Insects  as 
found  in  print  are  literary  rather  than  "vulgar".  This  appears  to 
be  especially  true  of  the  French  names,  where  the  situation  is 
further  complicated  by  the  failure  to  distinguish  fundamentally  differ¬ 
ent  insects. 


The  conversion  from  the  typewritten  to  the  mimeographed  form 
has  been  carried  out  by  Mrs.  John  G.  Whelan. 


Charles  H.  Blake 


Cambridge,  Mass. 
November,  19^3 


ADDITIONS  and  CORRECTIONS 


Page  124  -  le thane  is  n-butylcarbitol  Isothiocyanate. 

Page  l4g  -  add  additional  poisons  for  rat  baits,  barium  carbonate 
and  arsenic  trioxide. 
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Sawtoothed  grain  beetle.  (U.S.D.A.  Farmers'  Bulletin 
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Carnenter  ants,  (ibid,  nlate  7) 
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Madeira  ants.  (Original) 
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W.  M.  Mann,  1<3+,  n.  177 
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INSECTS  AND  OTHER  ANIMALS. OF  INTEREST  TO  THE  QUARTERMASTER  CORPS 

1.  INTRODUCTORY 

The  scone  of  the  present  Investigation,  which  is  largely,  of  cours' 
dependent  upon  the  literature,  reflects  ny  own  conviction  that  the  basic 
factor  Involved  in  insect  attack  is  the  Insect  itself,  Fron  the  stnnd- 
oolnt  of  the  user  of  a  certain  product  or  material,  that  product  or 
material  seems  all- important;  however,  there  is  so  much  overlapping  of 
insect  attack  upon  somewhat  various  materials  that  in  most  cases  a  con¬ 
sideration  of  the  biology  of  the  insect’ may  enable  us  to  protect  a 
variety  of  materials  by  a  single  method.  One  need  only  point  to  the 
essential  similarity  of  termite  attack  upon  wood,  paper,  cloth,  and  even 
other  materials,  to  demonstrate  this  point.  By  the  same  token,  Insects 
fall  to  recognize  any  of  the  dividing  lines  which  for  other  purposes  may 
be  drawn  within  an  organization  Ilka  the  army.  As  a  consequence,  I  have 
not  confined  myself  to  a  consideration  only  of  those  materials  which 
are  supplied  by  the  Quartermaster  Corps.  The  attack  of  insects  upon 
materials  which  would  be  ordinarily  supplied  by  the  Engl near  Corps  or 
the  Signal  Corps  may  well  be  Instructive,  and  in  addition,  the  Quarter¬ 
master  Corps  mey  be  expected  at  some  time  to  do  something  "bout  such 
Insect  attack. 

If  we  must  divide  the  protection  of  the  army  against  insects  into 
more  or  less  watertlpjit  compartments,  then  it  would  seem  that  the  only 
reasonable  division  is  between  those  insects  which  attack  living  organ¬ 
isms,  man  pnd  animals,  and  which  I  leave  as  the  province  of  the' Medical, 
Sanitary,  and  Veterinary  Corps,  and  on  the  other  hand,  those  Insects 
which  attack  non-living  materials,  whose  control  is  outside  the  province 
of  the  corps  Just  mentioned. 

Aside  fron  the  utilization  of  materials  existing  in  the  ordinary 
published  literature,  I  have  drawn  as  freely  as  possible  uron  the  variou 
unpublished  and  mimeographed  materials  which  have  been  nade  generously 
available  to  me,  and  upon  ny  own  observations. 

la.  The  substances  considered  nnd  their  composition. 

Since  there  «re  in  the  literature  very  few  direct  refer¬ 
ences  to  damage  to  military  equipment  by  Insects,  it  wn8  necessary  to 
consider  the  substances  of  which  military  equipment  and  supplies  are  com¬ 
posed  and  to  base  the  study  of  the  literature  on  these  components.  It 
was  also  necessary  to  t"ke  into  account  the  various  methods  used  in  pack¬ 
ing  and  storing  equipment. 

In  the  most  general  terms  everything  of  animal  origin  wp 
taken  into  account,  whether  food,  fur,  fiber  or  adhesive;  similarly,  all 
naterialg  of  plant  origin  such  as  wood,  fiber,  adhesive  or  food.  In  the 
case  of  foods,  account  was  taken  of  the  form  in  which  they  wPre  likely 
to  be  utilized.  For  example,  both  fresh  nnd  dried  neats  wore  included, 
but  for  the  most  part  only  dried  fruits  and  vegetables.  A  few  native 
products,  for  example  copra,  were  Included  since  their  presence  on  or 
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very  near  scenes  of  operation  could  be  a  source  of  Infestation  of 
Imported  food.  Over  and  above  these  more  obvious  materials  a  record 
was  kept  of  all  Insects  attacking  certain  other  substances,*  metals, 
rubber  goods,  synthetic  fibres,  plastics. 

It  Is  rather  unfortunate  that  many  of  the  materials  which 
are  listed  as  attacked  by  Insects  are  of  Indefinite  or  variable  com¬ 
position.  This  Is  especially  true  of  fabrics  which  In  addition  to  the 
fibre  may  have  finishes  of  very  diverse  chemical  composition. 

In  addition  to  those  insects  which  have  been  associated 
with  particular  substances,  I  have  included  a  considerable  number  that 
are  found  in  buildings  although  no  definite  information  on  their  food 
Is  available.  In  almost  all  of  these  coses  their  close  relations  are 
known  to  infest  substances  of  interest  to  us. 

lb.  Sources  of  information. 

The  primary  source  of  information  was  Series  A  of  the 
Review  of  Applied  Entomology  (1913-  date).  Numerous  individual  refer^- 
ences  were  looked  up,  so  that  all  essential  earlier  articles  were  seen. 
In  addition  a  number  of  persons  contributed  personal  data  on  special 
points.  It  Is  not  assumed  that  every  existing  Item  of  information  was 
located,  but  I  do  feel  that  no  important  insect  was  omitted. 

As  mentioned  above,  I  have  been  generously  allowed  to 
utilize  certain  actually  unpublished  material.  Part  of  thle  consists 
of  observations  which  have  been  recounted  to  me  by  other  entomologists 
and  by  pest  control  operators  over  a  period  of  some  years.  Even  more 
Important  has  been  the  contribution  of  the  current  reports  of  the 
regional  conferences  of  the  National  Pest  Control  Association,  which 
were  very  obligingly  loaned  to  me  by  the  secretary  of  the  association, 
Mr.  William  0.  Buettner.  These  contain  many  excellent  sunnarles  of 
existing  Information  in  a  form  which  is  more  usable  than  appears  in 
any  ordinary  publication. 

lc.  Limitations  of  the  survey. 

Any  survey  of  this  sort  is  subject  to  considerable  limi¬ 
tations.  In  the  first  place,  our  knowledge  of  the  habits  and  require¬ 
ments  of  animals,  especially  in  the  less  accessible  parts  of  the  world, 

1 8  extremely  deficient.  Second,  even  where  we  have  considerable  lists 
of  materials  attaoked  we  may  not  be  able  to  conclude  anything  with  re¬ 
gard  to  the  nutritive  requirements  of  the  pest  or  the  purpose  which  is 
served  by  the  attack.  It  is,  in  fact,  probable  that  In  very  many  cases 
materials  are  infested  only  because  they  are  adjacent  to  adequate  food, 
or  because  they  attract  the  insect  as  though  they  were  food.  Third, the 
development  of  information  with  regard  to  new  naterlals  Is  rather  slow. 
As  a  consequence  there  seems  to  be  no  Information  on  most  of  the  newer 
synthetic  fibres  and  plastics.  The  false  assumption  tends  to  be  made 
that  such  substances,  because  they  are  relatively  stable  and  are  arti¬ 
ficial,  are  Immune  to  damage.  The  email  amount  of  data  on  nylon  points 
out  the  invalidity  of  such  assumptions.  Lastly,  the  large  number  of 
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!of  Insects  to  be  considered  and  the  numerous  questions  which  arise  in 
investigators*  minds  make  it  impossible,  within  isasonable  Units  of 
time,  for  one  or  two  persons  to  carry  every  line  of  thought  to  its 
ultimate  limits. 

Id.  Kinds  of  damage  done  by  animals. 

Practically  all  of  the  insects  that  we  shall  have  to  consider 
do  their  damage  by  the  actual  biting  off  and  chewing  up  of  the  material. 
Hence,  whether  or  not  they  digest  any  of  the  material,  they  still 

I  effectively  remove  it.  This  sort  of  attack  lends  to  several  results. 

First,  the  usable  material  is  actually  diminished  in  quantity 
Second,  a  good  deal  of  it  which  is  not  digested  is  ground  into  powder. 
This  i 8  a  very  characteristic  sort  of  damage  by  grain  insects.  Third, 
the  food  is  more  or  less  contaminated  by  excrement  and  by  the  dead 
bodies  of  the  insects.  This  means  that  it  suffers  both  in  appearance 
end  in  flavor. 

A  few  im.rcts,  notably  roaches,  by  merely  passing  over  food 
may  leave  behind  substances  of  disagreeable  odor  so  that  whether  or  not 
they  have  actually  attacked  the  food,  it  is  more  or  less  spoiled. 

It  often  happens,  especially  with  oncer  and  cloth,  thnt  damage 
is  found  but  the  culprit  cannot  be  caught  in  the  act.  Fortunately  from 
experiments  carried  out  by  Dr.  H,  L.  Swoetnan  we  have  authentic  examples 
for  study,  representing  some  of  the  more  obscure  types  of  damage.  The 
less  obscure  cases  are  well  known  to  specialists.  However,  the  busy  . 
officer  may  readily  overlook  the  actual  insects,  which  nny  be  present, 
particularly  if  the  Insects  are  aerile,  snail  in  size  and  few  in  nunber. 

The  evidence  which  pests  leave  behind  consists  of  (a)  the 
actual  dpmage,  (b)  chewed  bits  of  the  material  (frass),  (c)  droppings 
or  excrement  (which  sometimes  is  almost  wholly  frass),  (d)  dead  insects, 
fragments  of  insects,  cast  skins  of  larvae. 

The  diagnosis  of  damage  is  further  complicated  by  the  possibl 
presence  of  insects  which  have  nothing. to  do  with  the  damage.  Some  of 
these  pre  parasites  and  camp-followers,  a  few  are  looters,  and  some  may 
even  be  considered  innocent  bystanders. 

There  are  four  main  classes  of  organisms  which  do  appreciable 
damage.  These  ore  the  mammals,  the  insects  and  arachnids,  and  the  fungi 
Damage  by  birds  is  known  but  is  rare  and  usually  hipfrly  specialized,  sucl 
as  the  caching  of  acorns  in  telephone  poles. 

Damage  by  mammals  is  due  chiefly  to  rodents,  rate,  mice,  etc. 
A  few  carnivores,  bears  and  wolverines,  will  break  into  food  stores. 

le.  Relations  of  the  animals  to  the  Materials  damaged. 

Obviously,  most  of  the  Insects  which  come  into  consideration 
are  actually  feeding  on  the  materials  which  are  affected.  This  results, 


as  I  have  already  Indicated,  In  more  than  one  kind  of  damage .  In  the 
case  of  food,  the  mere  presence  of  the  Insects  may  render  it  essen¬ 
tially  inedible  to  an  American,  although  natives  in  some  marts  of  the 
world  don't  mind.  In  the  case  of  equipage,  the  essential  oolnt  is  not 
deterioration  of  the  appearance  of  the  material  or  the  nresence  of  the 
insects,  but  the  loss  of  strength. 

The  second  relationshio  is  esnecially  net  in  the  case  of 
certain  wood-boring  organisms  like  carnenter  ants,  which  use  wood 
only  as  a  olace  of  residence.  They  derive  their  food  from  some  other 
material.  Here  again,  it  is  loss  of  strength  which  is  important. 

The  third  relationship  is  similar  but  temnorary.  It  le 
illustrated  by  various  larder  beetles  and  their  relatives  which,  in¬ 
festing  a  food  material,  leave  it  at  the  time  of  nunatlon  and  nroduce 
cavities  of  relatively  slight  denth  in  nearly  any  sort  of  adjacent 
material.  When  the  transformation  of  the  insect  is  comolete,  it  leaves 
the  cavity  ns  an  adult.  Here  again,  long  continued  attack  lends  to 
loss  of  strength  as  well  as  making  possible  the  maximum  increase  in  the 
copulation  of  the  food-infesting  insect. 

A  more  interesting,  and  in  some  ways,  more  useful  classi¬ 
fication  of  the  relation  of  insects  to  the  materials  —  derives  from  a 
classification  of  wood-boring  beetles  proposed  some  years  aero  by  Pro¬ 
fessor  Tragardh. 

(1)  Permanent  pests  -  those  pests  which  are  able  to  infest 
continuously  the  sane  material  as  long  as  it  has  adequate  food  or 
shelter  value.  So  far  as  wood  is  concerned,  th^se  are  termites,  many 
beetles,  carpenter  ants,  and  in  other  materials,  we  may  especially 
point  out  the  bean  weevil  and  a  large  proportion  of  the  grain  insects. 

(2)  Bark  pests  -  this  category  applies  to  wood  only  and 
refers  to  those  beetles  that  are  able  to  infest  wood  continuously  as 
long  as  it  is  covered  by  bark,  but  which  cease  operations  when  the 
bark  finally  falls  away, 

(3)  One- gene  ration  pests  -  here  are  placed  the  insects 
that  require  the  material  to  be  in  acme  special  state  of  curing  in 
order  to  infest  it,  and  which  gp  through  only  one  life  cycle  and  then 
look  for  new  material  since  that  from  which  they  have  emerged  is  no 
longer  suitable  for  ovlposition,  A  considerable  number  of  wood-boring 
beetles  occur  here,  but  in  addition  there  are  a  few  other  insects  in 
the  same  category.  Perhaps  the  best  one  of  these  is  the  pea  weevil 
which  i 8  able  to  infest  peas  in  the  field  but  will  not  lay  its  eggs’ 
on  dried  neas. 

(4)  Secondary  pests  -  these  insects  follow  up  some  sort  of 
damage  by  primary  insects  (those  of  the  first  three  categories  and 

the  following  category),  or  are  attracted  by  the  presence  of  some  par¬ 
ticular  microorganism  (mold  or  yeast)  which  is  the  source  of  primary 
damage.  In  a  few  instances,  such  as  the  flour  beetles  of  the  genus 

ZnjiHS -LJL H.—  mechanical  damage  may  be  all  that  is  required  to  give  the 
insect  a  start. 
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(5)  Temporary  nests  -  the  insects  included  here  are  for  the 
F?rt  cfrDfnter  bees  and  wasps.  They  are  but  little  concerned 

with  the  actual  state  of  the  material,  but  utilize  it  only  in  connec¬ 
tion  with  some  special  part  of  the  life  cycle  and  are  absent  from  the 
material  during'  some  portion  of  the  year.  We  can  scarcely  envisage 
such  a  category  among  food  or  fabric  insects. 

(6)  Accidental  pests  -  this  is  by  way  of  being-  a  catch-nil 
for  the  cases  that  do  not  fall  readily  into  the  preceding  groups.  It 
may  be  used  to  include,  for  example,  instances  of  attack  on  inedible 
materials  or  edible  materials  far  out  of  the  ordinary  range  of  an 
insect  s  food.  It  is  probable  that,  for  the  most  part,  damage  to 
metals  might  be  placed  here. 

J/>  Predators  and  Farasltes  -  only  a  few  of  the  Insects  that 
fall  into  this  category  have  been  considered  in  this  report  at  all. 

The  criterion  that  I  have  used  is  whether  or  not  the  insect  was  able 
on  its  own  account  to  do  some  real  damage  to  the  material.  In  the 
case  of  the  red-legg«d  ham  beetle  and  the  larder  beetle  we  can  be 
reasonably  sure  that  their  Interest  is  very  often  that  of  scavengers 

2E?!?v,ln?»e^  alr?ady  present,  or  as  nredators.  I  know  of  no  oarasites 
which  In  themselves,  cause  dana(?e.  Ultimately,  in  the  control  of 
household  Insects,  this  category  will  achieve  great  importance. 


If.  Basic  biological  information  on  insects. 

In  this  section  I  intend  to  notice  briefly  some  points  in 
the  biology  of  insects  which  are  reouisite  for  the  understanding  of 
^hat  follows  and  for  a  reasonable  system  of  control  nea sure s  and 
regulations. 


lfl.  Structure  of  insects. 

The  body  of  an  insect  is  divided  into  thr°e  regions 
which,  beginning  at. the  front  end,  are:  head,  thorax,  and  abdomen. 

In  rdult  insects  there  is  usually  no  difficulty  in  distinguishing 
these  thr^e  regions.  »Ve  begin  with  a  description  of  these  regions  in 
the  adult.  It  is  not  my  intention  to  be  exhaustive  with  regard  to 
unimportant  structures. 

The  whole  body  of  an  insect  may  be  thought  of  as 
composed  of  a  series  of  horny  rings  enclosing  the  viscera,  each  ring 
being  attached  to  the  adjacent  ones  by  an  extremely  thin  portion  of 
the  same  horny  material.  The  same  ring  structure  is  also  characteiv 
lstlc  of  the  true  appendages. 

The  head  is  *•  horny  capsule  usually  of  somewhat 
globular  form.  It  bears  several  appendages  and  the  eyes  and  mouth. 

With  but  two  or  three  exceptions  the  Insects  with  which  wo  deal  possess 
eyes.  These  are  located  on  sides  of  head  toward  the  front,  and  are. 
composed  of  many  facets.  In  addition  on  the  top  of  the  head  near  the 
center  line  there  nay  be  one,  two  or  three  much  smaller  simple  eyes. 

The  antennae,  popularly  called  feelers,  are  usually  slender  and  many 
Jointed.  They  are  attached  to  the  head  above  and  behind  the  eyes  in 
most  c^sas.  The  antennae  may  be  used  as  tactile  organs  but  chiefly 
they  are  the  seat  of  the  sense  of  smell.  On  the  lower  front  part  of 
the  head  will  be  found  the  mouth  appendages.  The  actual  mouth  opening 
is  some  distance  behind  them  ot  the  base  of  a  mouth  cavity.  Practically 
all  the  insects  we  are  Interested  in  possess  a  pair  of  strong  biting 
mandibles  or  Jaws.  Unlike  our  own  Jaw,a  these  work  crosswise.  The 
actual  biting  edge  is  toothed.  The  exceptional  groups  are  the  moths 
pnd  the  flies  in  which,  so  far  as  are  concerned,  mandibles  "re 
wanting  in  the  adult.  Behind  the  mandibles  cone  two  other  oalrs  of 
mouth  parts.  They  are  not  ^dented  to  biting  and  are  chiefly  interesting 
because  they  *re  the  main  location  of  the  sense  of  teste.  As  a 
consequence  an  insect  may  taste  without  taking  any  food  into  the 
mouth.  These  mouth  parts  may  be  modified  to  form  all  or  part  of  the 
sucking  tube  with  which  adult  moths  and.  flies  ere  provided. 

The  thorax  is  composed  of  three  segments  more  or  less 
firmly  soldered  together.  In  passing  it  should  be  pointed  out  that 
bees,  ’"flaps  and.  ants  absorb  into  the  apparent  thorax,  the  first  of  the 
abdominal  segments.  This  fact  opuses  no  practical  difficulties,  with 
few  rare  exceptions  the  thorax  is  provided  with  three  pairs  of  legs. 
This  is  probably  true  in  the  adults  of  all  the  species  we  list.  One 
pair  of  legs  arises  from  each  of  the  three  segments.  The  names  of 
the  important  parts  of  the  legs  are  shown  in  figures  1  and  2.  In 
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addition  to  the  lags  the  thorax  n *y  bear  one  or  two  pairs  of  wings, 
never  nore.  The  wings  a re  usually  broad  *nd  long  structures  but  in 
few  cases  one  or  both  of  the  pairs  may  be  reduced,  if  not  wholly  wanting, 
or  nay  be  considerably  thickened.  The  first  rair  of  *ings  crises  fron 
the  middle  segment  of  the  thorax  end  the  second  pair  from  the  third 
segment.  In  the  true  flies  the  one  pair  of  evident  wings  is  the 
interior  pair.  In  the  beetles  the  wings  used  for  flight  ere  the 
oosterior  pair.  The  seme  is  true  of  the  earwigs. 

The  underside  of  the  tins  of  t!  e  legs  nay  be  a  sent 
of  the  sense  of  teste. 

The  p.bdomen  consists  of  n  variable  number  of  visible 
segments,  never  more  then  12.  At  first  sight  it  does  not  possess 
appendages  but  at  the  hind  end  ere  various  accessory  reproductive 
structures’ such  ns  clasoers  end  egg  layers  which  ere  partly,  et  least, 
appendages.  In  a  few  groups  the  tip  of  the  abdomen  is  provided  with 
a  pair  of  thorn-like  structures  cnlled  styli.  It  nay  »>lso  hnve  a  pair 
of  cercl.  These  may  hardly  differ  in  appearance  from  styli  or  they 
may  be  very  long  many- Jointed  tails  or  they  may  be  n  pair  of  forceps. 

When  the  cercl  ere  tall-like  as  in  silverflsh  and  nny-flles  there  is 
commonly  present  a  third  tall  of  similar  structure  in  the  mid  line. 

As  will  be  brought  out  further  in  Section  lf3,  the 
young  of  insects  in  some  cases  are  exceedingly  like  the  adults,  differ 
only  in  smaller  size,  lack  of  fully  developed  wings  and  lack  of 
development  of  accessory  reproductive  structure.  In  other  cases  the 
young  are  of  quite  different  structure  fron  the  adults.  The  body 
regions  are  often  less  distinct;  the  legs  and  antennae  shorter. or 
even  apparently  wanting.  Such  young  insects,  called  larvae,  nay  also 
possess  suckcivlike  false  legs  on  the  underside  of  the  abdomen.  Where 
it  1 8  necessary  to  determine  the  body  regions  this  can  be  done  by 
remembering  that  the  head  consists  of  a  single  apparent  segment  and 
contains  the  mouth  opening  and  th*t  the  thorax  does  not  consist  of  more 
than  three  segments.  The  rest  of  the  body  is  then  abdomen.  The  only 
cases  in  which  the  body  regions  must  be  made  out  the  he^d  is  ouite 
distinct  and  the  thoracic  legs  are  evident  and  tipped  with  claws,  not 
with  suckers.  . 

If2.  Food  habits  and  food  getting. 

The  insects  with  which  we  are  concerned  feed  by  t«o 
methods:  by  chewing  or  by  sucking.  In  the  first  c«se  the  mandibles  »>re 
well  developed.  In  the  second  case  they  are  more  or  less  wanting  and 
other  mouth  parts  are  developed,  into  some  sort  of  tubular  apparatus. 

The  young  or  larvae  of  the  flies  are  an  exception  since  they  do  not 
have  chewing  mandibles  nor  sucking  mouth  parts  but  rather  lap  up 
liquified  food  produced  either  by  nlcroblc  decay  or  by  external 
digestion  due  to  the  insects  themselves. 

It  1 s  evident  that  only  the  insects  with  chewing 
mouth  parts  can,  generally  speaking,  attack  solid  foods.  Those  with 
sucking  mouth  parts  being  United  to  liquid  food. 
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In  those  esses  in  which  there  Is  no  great  distinction 
between  the  stricture  of  adults  and  young  both  feed,  almost  without 
exception  on  the  same  kind  of  food  by  the  same  method.  Where,  however, 
the  larva’ differs  greatly  from  the  adult  it  nay  feed  by  entirely  dis¬ 
tinct  methods  on  entirely  different  food.  This  is  shown  in  the  case 
of  moths  where  for  example  clothes  noth  larvae  chew  up  dried  animal 
substances  or  seeds  and  the  adult  imbibes  at  the  most  only  a  snail 
amount  of  fluid.  Probably  the  adult  clothes  noth  takes  no  food  whatso¬ 
ever.  Even  where  the  mouth  carts  of  young  and  adults  are  essentially 
similar  as  in  the  beetles  there  may  be  a  good  deal  of  difference  in 
their  food.  The  carnet  beetles  of  the  genus  Anthrenus  have  young  that 
feed  mostly  on  dead  animal  matter.  The  adults,  however,  feed  mostly  on 
oollen  and  are  common  on  flowers.  Even  in  these  coses  of  divergence 
of  foods  the  adults  lay  their  eggs  under  conditions  suitable  for  the 
develoonent  of  the  young  and  usually  directly  on  the  larval  food. 

In  general,  insects  find  food  first  by  their  sense 
of  smell  which  leads  then  to  it  from  a  distance  and  second  by  their 
sense  of  taste  which  identifies  the  food  substance  upon  actual  contact. 
It  is  highly  unlikely  that  many  of  our  forms  find  their  food  by  sight. 

In  ants,  bees,  and  ’"asps  there  is  a  variable  develop¬ 
ment  of  the  habit  of  transporting  food  back  to  the  nest  and  sharing 
it  with  other  adults  and  with  the  young.  This  transportation  occurs 
in  two  ways.  First,  the  actual  food  material,  a  bit  of  meat  or  the 
leg  of  a  dead  insect  or  a  seed,  may  be  carried  back  es  such  and  in 
the  nest  broken  up,  sometimes  by  special  individuals,  into  fragments 
suitable  for  eating.  Or  the  food,  particularly  if  fluid,  mRy  be  taken 
into  the  cron  of  the  ant  that  finds  it  end  so  tronsoorted.  It  is  then 
regurgitated  to  other  individuals.  In  the  meantime,  it. has  been  to 
some  extent  modified,  by  digestive  processes.  This  sort  of  food 
transportation  is  not  entirely  confined  to  liquid  foods. 

If 3.  Reproduction  and  development 

In.  their  development  insects  pass  through  a  number  of 
discrete  stages  separated  by  molts  and  these  stages  nay  be  considered 
as  forming  3  groups.  First,  the  egg;  second,  the  immature  stages, 
end;  third,  the  adult. 

The  eggs  of  insects  are  generally  somewhat  elongate 
small  bodies  invested  with  a  flexible  and  very  impervious  shell. 

Within  the  egg  the  early  development  takes  place  and  upon  hatching  the 
young  animal  Is  quite  clearly  an  insect,  although  it  may  differ  in 
many  respects  from  the  parent.  The  eggs  of  insects  are  laid  in  a 
great  variety  of  situations  but  usually  on  or  near  appropriate  food 
for  the  young  insect.  In  exceptional  cases,  such  as  the  flesh  flies, 
the  eggs  are  hatched  within  the  body  of  the  female.  All  aspects  of 
the  development  of  lnseots  vary  in  their  speed  with  temperature. 

There  is  however,  n  minimum  temperature  below  which  development  does 
not  occur  pnd  similarly  a  maxinun  temperature  above  which  the  insect 
dies  It  is  generally  considered  that  the  minimum  temperature  is 


the  sene  for  ell  stages  of  a  given  specie s  but  It  is  known  th*t  the 
maximum  temperature  varies  slightly  defending  upon  the  stage.  The 
Increase  In  the  speed  of  development  is  considerably  greeter  then  the 
rate  of  change  of  the  temperature.  As  a  rough  guide  we  nay  say  th^t 
for  each  lg°F  rise  of  temperature  the  rate  of  development  is  doubled. 
Conseauently  all  estimates  of  the  tine  required  either  for  the  hatching 
of  eggs  or  for  the  completion  of  development  are  uncertain  unless  stated 
In  terms  of  the  temperature.  In  general,  however,  the  eggs  of  most 
pest  insects  hatch  within  a  rather  few  days  unless  they  are  subjected 
to  low  temperature  when  they  nay  survive  without  hatching  for  weeks 
or  perhaps  months. 

The  eggs  of  Insects  are  extraordinarily  resistant 
to  most  of  the  chemical  pgencies . used  for  insect  control  and  it  can 
generally  be  assumed  that  an  insecticide  will  not  kill  eggs,  although 
it  kills  all  of  the  other  stages.  For  this  reason,  it  is  often 
necessary  to  make  two  or  more  applications  at  short  intervals  in  order 
to  kill  the  young  which  hove  hatched  from  eggs  present  when  the  first 
application  was  made.  On  the  other  hand,  insect  eggs  are  readily 
killed  by  exposure  to  elevated  temperatures  and  sometimes  by  drying. 

While  a  majority  of  insects  with  which  we  are  concerned 
lay  their  eggs  loosely  in  the  food  material  a  few  make  special  Pro¬ 
visions  either  by  Inserting  the  egg  into  the  food  material,  as  in  the 
case  of  the  grain  weevils,  or  by  fastening  it  to  the  material  as  is 
done  by  the  bean  and  pea  weevils  ond  the  powder  post  beetles. 

The  immature  stages  of  Insects,  after  hatching,  ere 
separated  into  two  general  types,  depending  upon  the  method  of 
transition  of  the  last  immature  stage  to  the  adult  insect  and  on  the 
method  of  ring  development.  In  the  more  primitive  insects  these  im¬ 
mature  stages  are  called  nymphs.  A  nymph  resembles  the  adult  of  the 
same  species  in  most  respects  except  for  smaller  size,  incomplete 
development  of  wings  and  of  external  reproductive  structures  and  on 
the  whole  the  transition  from  the  newly  hatched  nymph  to  the  adult 
is  a  rather  gradual  one.  The  exceptional  cases  are  almost  entirely 
confined  to  aquatic  insects,  such  as  may- flies  and  dragon  flies. 
Generally  epeaklng,  in  insects  of  this  type  thare  is  no  quiescent  stage 
preceding  the  adult. 

The  other  type  of  development  Involves  young  insects 
which  are  very  different  in  appearance  from  the  adult  and  '■'re  called 
larvae.  In  general,  a  larva  has  the  body  less  heavily  armored  than 
the  adult,  shows  a  much  less  development  of  legs,  antennae,  and  eyes; 
frequently  has  quite  different  mouth  parts;  shows  no  indication  of 
growing  wings.  When  the  larvae  is  full  fed  it  ordinarily  retreats  to 
some  sheltered  place,  often  enclosing  itself  in  a.  silken  cocoon  and 
molts  at  least  once.  In  this  quiescent  stage  it  is  referred  to  as  a 

pupa.  After  a  resting  period  the  adult  insect  emerges  from  the  pupsI 

coverings. 

We  have  already  spoken  of  the  relation  between 

temperature  and  the  rate  of  development  and  it  remains  to  point  out 
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that  under  natural  conditions,  especially  in  the  temperate  zone,  most 
species  of  insects  must  find  sone  "'fly  of  tossing  the  winter.  The  stage 
in  which  this  occurs  nay  be  any  one  of  the  developmental  stages  end 
it  may  be  invariably  the  sene  one  for  a  given  species  or  it  nay  very 
among  individuals.  In  many  species  the  life  cycle  is  less  than  annual 
and  only  part  of  the  individuals  have  to  over-winter.  Hence,  the 
greet  variation  assigned  in  the  literature  to  the  developmental  period 
of  a  particular  species.  For  many  insects,  it  is  much  more  convenient 
to  state  merely  the  number  of  generations  per  year.  In  many  instances 
the  same  species  of  insect  overwinters  in  the  temperate  zone  but 
breeds  continuously  in  the  tropics. 

I  have  not  given  much  infomation  concerning  the 
number  of  eggs  laid  by  insects.  The  variation  is  considerable  among 
individuals  of  the  same  species.  The  figures  are  not  very  trust¬ 
worthy.  The  variation  from  one  aoecies  to  another  is  not  extremely 
great.  I  would  assign  a  ratio  of ,4  or  5  to  1  between  the  most  and 
the  least  prolific.  Furthermore,  such  figures  give  no  indication  of 
the  death  rate  during  development.  Since  the  variation  in  fecundity 
is  relatively  small,  as  a  practical  matter  the  rate  of  increase  of 
an  insect  population  is  more  dependent  upon  the  number  of  Insects 
introduced  at  the  beginning  than  upon  the  number  of  eggs  each  one  can 
produce.  It  will  be  quite  evident  that  if  we  introduce  10  fertilized 
females,  capable  of  laying  100  eggs  each,  we  give  an  infestation  a 
much  better  start  than  by  introducing  one  fertilized  female,  capable 
of  laying  500  eggs. 

If4.  Requirements  for  existence. 

At  the  risk  of  being  trite,  I  venture  to  summarize  the 
well  known  requirements  for  the  existence  of  insects  at  a  given  point 
on  the  earth *s surface. 

a.  Air.  No  insect  can. get  along  continuously  with¬ 
out  an  adequate  supply  of  oxygen.  On  the  other  hand,  many  Insects, 
particularly  adults,  can  suspend  their  respiratory  novenents  for 
considerable  periods  of  time,  sometimes  24  hours  or  more,  and  get 
along  on  air  stored  in  sacs  within  the  body.  This  is  possible  partly 
because  insects  do  not  require  large  quantities  of  oxygen  in  unit 
time  and  partly  because  many  of  then  o«n  withstand  considerable 
concentrations  of  carbon  dioxide.  For  this  reason  fumigation  with 
irritant  gases,  for  example  formaldehyde,  is  unsatisfactory  unless 
the  fumigation  times  are  very  lengthy.  For  this  reason  also,  it  is 
desirable  to  fumigate,  if  possible,  at  moderate  or  even  elevated 
temperatures,  in  any  event  above  6o°F.  Below  thtt  temperature  for 
many  insects  the  rate  of  breathing  is  extremely  low.  On  the  other  hand, 
it  is  known  that  under  some  conditions  insects  are  killed  quite  quickly 
if  confined  in  hermetically  sealed  containers.  I  have  not  found  any 
adequate  discussion  of  the  contained  gases  but  I  would  suhnise  from 
the  materials  in  whloh  the  insects  were  that  the  oxygen  in  the  con¬ 
tainer  was  used  up  very  quickly. 
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b.  Moisture.  No  living  organism  can  survive 
Indefinitely  without  moisture.  Many  Insects,  particularly  adults, 
have  low  rates  of  moisture  loss,  but  they  do  lose  water.  Conseouently, 
we  find  In  all  the  cases  which  have  been  Investigated  that  some  water 
as  such  must  be  contained  In  the  food,  the  amount  depending  upon  the 
species  of  Insect  and  to  a  lesser  extent  upon  the  kind  of  food.  Xt 
seems  to  be  a  fair  generalization  that  the  minimum  amount  of  moisture 
In  the  food  is,  at  least,  6#,  for  some  species  It  Is,  of  course,  very 
much  higher  and  It  Is  Important  to  note  that  this  figure  Is  below  the 
moisture  content  of  most  of  the  substances  like  wood  or  grain  which 

we  think  of  as  perfectly  dry. 

c.  Food.  So  far  as  our  knowledge  goes  at  present 

we  can  define  the  food  of  insects  only  in  terms  of  very  complex  material 
ffe  nny  hope  ultimately  to  be  able  to  state  it  In  terms  of  chemical 
entities.  However,  this  is  less  important  than  it  sterns  because  Insects 
choose  their  food  or  the  food  of  their  young  apparently  In  great  port 
on  the  basis  of  substances  which  have  no  known  nutritive  significance. 
Th*  most  Important  of  these  are  undoubtedly  odoriferous  substances. 

A  homely  example  of  this  Is  the  attraction  of  carrion  feedlng^flles 
bv  the  flowers  of  the  skunk  cabbage  and  the  carrion  flower.  In  n  few 
cases  in  any  event,  the  adult  actually  determines  the  presence  of 
proper  nutritive  materials.  This  is  the  case  in  the  powder  post 
beetles.  Consistency  may  also  be  a  factor  in  food  choice,  although, 

In  general  this  affects  the  individual  and  Is  not  involved  in  the 
choice  of  egg  laying  site  by  an  adult  fenale.  For  example,  .  one 
Insects  can  attack  "hole  unbroken  grain  where  other  Insects  are  able 
to  attack  only  grain  which  has  been  previously  injured.  This  appears 
to  be  due  to  the  relative  ability  to  bore  through  the  bran  layers. 

d.  Temoereture,  I  have  already  spoken  of  the 
effects  of  temperature  under  lfl  end  but  little  need  be  added  here 
beyond  pointing  out  that  the  total  anount  of  heat  available  plays  a. 
part  In  the  existence  of  Insects.  For  exanole,  an  adult  insect  nay 
survive  at  an  average  temperature  too  low  to  permit  of  reproduction. 

As  a  consequence  some  Insects  nay  occur  out-of-doors  in  temperate 
zones  in  the  summer  but  do  not,  so  far  as  we  know,  reproduce  under 
such  conditions. 

e.  Enemies.  It  Is  perfectly  obvious  that  no  insect 
can  survive  In  the  face  of  an  overwhelming  population  of  its  enemies. 

It  Is  not  appropriate  here  to  go  Into  n  long  discussion  of  insect 
enemies.  We  will  point  out,  however,  that  occasional  infestations  of 
food  infesting  insects  or  of  wood  boring  beetles  ere  eliminated  by 
predaceous  Insects,  although,  generally  speaking,  the  latter  insects 
are  regarded  wlth  as  much  distrust  as  the  real  infestant.  Certain 
types  of  insects  are  unable  to  exist  In  competition  with  a  heavy  growth 
of  molds  but  here  again  the  cure  is  at  least  as  bad  as  the  disease. 

If5.  Distribution  and  dissemination. 

It  Is  perfectly  obvious  that  an  animal  can  only 
survive  In  such  places  as  the  environment  completely  meets  at  least 
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its  minimum  reaulrements  for  existence.  The  general  nature  of  these 
requirements  has  already  been  discussed  in  If 4.  The  chief  significance 
of  the  preceding  statement  is  th*t  we  do  not  find  ordinarily  p  uniform 
distribution  of  nninels  over  wide  areas.  For  example,  in  northeastern 
America  the  black  cockroach  is  p  house  insect  end  is  wanting,  there¬ 
fore,  at  all  those  points  which  are  not  occupied  by  heated  buildings, 
in  soite  of  which  we  say  that  its  distribution  is  cosmoooll tan.  What 
we  really  mean  by  such  a  statement  is  tVt  the  black  cockroach  is  as 
nearly  uniformly  distributed  over  the  earth's  surface  as  its  special 
reoulrements  for  existence  permit  and  that  it  nay  be  expected  to  appear 
at  any  point  where  those  requirements  become  established  in  the  future. 
In  addition  to  the  restriction  of  distribution  imposed  by  the  character 
of  the  environment  there  are  further  restrictions  imposed  by  natural 
barriers,  such  as  bodies  of  water,  deserts,  and  mountain  ranges.  The 
effect  of  these  barriers  is  different  upon  different  Insects.  Certain 
Insects  of  oowerful  flight,  for  example,  are  able  to  transgress  most 
barriers  of  moderate  extent.  They  nay  even  appear  far  north  of  the 
nreas  in  which  they  can  breed.  Perhaps  fortunately  almost  none  of  the 
meat  insects  have  more  than  quite  United  cower  of  flight,  but  this 
type  of  distribution  does  come  into  the  agricultural  cloture. 

A  large  number  of  nest  Insects  with  which  *’e  are 
concerned  nay  be  considered  as  domesticated  insects  and  th?  question 
may  well  arise:  have  their  characteristics  been  changed  re  a  con¬ 
sequence  of  domestication.  I  think  we  can  safely  say  ''No".  It  is 
true  that  the  domestication  has  been  an  advantage  to  the  insect  from 
the  nolnt  of  view  of  more  ready  dissemination  and  mere  uniform  living 
conditions,  but  so  far  as  I  can  see  none  of  the  insects  h«ve  baon  to 
our  knowledge  altered  by  domestication,  although  one  or  two  of  then 
are  perhaps  not  now  known  in  the  wild  state.  This  enables  us  to 
answer  negatively  another  question;  namely,  whether  it  is  likely  that 
the  introduction  into  dwellings  or  storehouses  of  an  Insect  not" now 
found  there  will  result  in  the  Insect  becoming  specifically  adapted 
to  such  an  environment  and  more  difficult  to  eradicate. 

Insects  may  be  disseminated  in  two  mein  wpyS> 
naturally  end  artificially.  Natural  dissemination  depends  either  upon 
the  unaided  efforts  of  the  insect  or  upon  its  carriage  by  some  natural 
agent  such  as  wind,  water  or  another  animal.  It  is  evident  that  this 
1 8  a  slow  and,  from  the  standpoint  of  the  insect,  hazardous  Process. 
Artificial  dissemination  is  the  tr^neoortr tlon  of  insects  from  place  to 
place  by  man  and  in  the  case  of  many  pests  this  is  an  extremely 
satisfactory  method.  The  Insect  need,  merely  find  an  appropriate  food 
and  stay  in  it  and  it  win  be  carried  then  to  any  region  to  which  the 
food  itself  ia  taken  and  there  it  has  usually  a  good  chance  of  finding 
unlnfested  and  appropriate  food.  Undoubtedly  all  of  the  cosmopolitan 
pest  insects  are  of  wide  distribution  due  to  artificial  dissemination. 

There  are  certain  types  of  insects,  particularly 
termites,  which  are  difficult  to  disseminate.  In  such  cases,  It  does 
not  suffice  to  carry  one  fertilized  female.  In  general,  both  a  mple 
and  female  ere  reaulred  plus  a  greater  or  lesser  number  of  workers, 
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nre^eVfew  rec o ^c  “tte °«r  tT  ?  "?n irn  a"  ^  ?°  8  ‘  terait^  there 

a  strange  locality,  artificial  introduction  of  a  termite  into 

recently  written  a  ’sumn/fry^f  °the r 81  ty  °f  Callfornln  has 
infestations  and  of  b“  of  th e  eS  "f  conducive  to  insect 
which  I  quote  with  a  few  modifications.  Introduction  of  nest  insects 

Household  conditions  conducive  to  pest  infestation, 
leading  toTnor'h^ 

skins,  'halrCorUwool.°n  °f  ed't':’:Le  waste  ~  unnecessary  storage  of  garbage, 

lack  of  light  and^ventllatlon^lnnerferti  darJc  olosets  or  basements, 
stacking  of  cases.  '  ^  cl°8ed  containers.  Incorrect 

hair  and  scales^  dung.9tlC  anlm6la»  indoors  or  under  buildings  -  shed 

access  ways^lnlffectl^e ^ ^rcenlng  Tn^uff lclent^1,  hldln£  Dl*ces  or 
ings.  ing,  insufficient  snace  under  build- 

Means  <?f  Introduction  of  nests. 

"  sasi.'s.ffsa.- 

(2)  Cheese  skipoers  -  aged  cheese. 

^  (3)  ^ 

and  other  anlnal  orodScts  etc  ’  9’  halr'  f',atlv>r9- 

2.  By  man.  ' 

(1)  In<®yp?“*8  tr°a  infested  stores  and  warehouse" 

Ja;  In  cereals,  etc.  uaB' 

(b)  Propinquity  to  infested  native  materials 
Relations  of  insects  within  the  household. 

dltlons  for  the  °ent  ranee  ^nd^llveiihoo^of'other^lnsec  truest  By1"17  °°n‘ 

(1)  Honeybees  nesting  in  chimney  attract  - 

Waxworms 

Demestid  beetles 
Flour  moths 

(?)  t  Ants 

nay  soon  be^ccomnanled^by ?  Cereals»  drled  fruits,  and  other  products 

Dense s tide  living  on  the  cast  skins 
Parasites. and  predators  attacking  then 
Scavenger  beetles  and  flies  feeding^ 


13 


In  order  to  sho1"  the  extent  to  which  nest  insects  have  become 
widespread  I  Introduce  the  following  tabulation  of  the  total  number 
of  soecles  so  far  listed,  end  the  number  of  species  having  a  "'ide 
distribution; 


Total 
Species 
on  List 

Cosmo¬ 

politan 

Wide¬ 

spread 

Tropico- 

politan 

Total  of 
3  Precedl 
Columns 

Thysanura 

11 

2 

1 

3 

Orthoptera 

23 

5 

7 

12 

De  me.Ptera 

4 

2 

1 

3 

Isoptera 

137 

1 

l 

Embloptera. 

1 

Epheneropte  ra 

2 

Psocoptera 

19 

2 

2 

Trichoptera 

12 

Lepidootera 

102 

20 

6 

6 

32 

Coleoptera 

5^7 

66 

44 

16 

126 

Dlptera 

71 

3 

5 

g 

Hymenoptera 

gg 

2 

5 

10 

17 

Are chnldo 

41 

J? 

— 

—a 

I05g 

103 

64 

42 

209 

lf6.  Keys  «nd  their  use. 


In  order  to  npke  possible  the  identifications  of  the 
major  groups  of  insects  end  closely  related  animals  responsible  for 
damage  I  Introduce  in  this  section  t»o  keys.  Other  keys  "’ill  be 
civen  in  later  sections.  It  will  be  seen  on  turning  to  the  first 
key  that  it  consists  of  sets  of  numbered  paragraphs.  The  on re graphs 
under  a  given  number  conte in  mutually  exclusive  groups  of  character- 
lst lc8 .  With  the  specimen  or  damage  in  hand  one  comperes  the  actual 
object  "Tith  the  statements  made  under  the  paragraph  numbered  wl". 

One  of  the  sets  of  characteristics  should  agree  with  the  specimen, 
and  to  the  right  of  this  rnrngrprh  will  be  found  either  a  name  or  a 
number,  If  a  n^ne  is  found,  that  is  the  required  answer.  If  a  number 
is  found  the  statements  under  that  number  are  compared  and  a  new 
choice  made.  This  process  is  continued  until  an  answer  is  obtained. 

If  at  any  point  no  choice  cBn  be  made,  th»t  is  none  of  the  statements 
apply  completely,  then  the  object  in  hand  is  not  included  in  the  key, 
or  some  error  hws  been  made  in  one  of  the  choices.  Partial  agreement 
is  not  sufficient.  If  it  is  impossible  to  decide  between  the  two  sets 
of  statements  one  may  continue  ®s  though  both  were  true  and  at  some 
later  point  it  will  probably  be  possible  to  decide  which  is  re°lly 
correct . 
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Insect  Structures 


I 


insect  Structures  IcontA) 


A 


1. 


1*. 


1" 


2. 


2'. 
2 1  ' 


1. 

1|. 


2. 


2!  . 

3- 

3'. 

4. 

4|. 

5. 

5’. 


Kev  to  distinguish  the  chief  groups  of  Insect- like  nnlragle. 
(All  references  are  to  Figures  1  end  2) 


No  antennae ;  legs  usually  four  oairs,  never  more; 
body  divided  Into  not  more  then  two  regions  a no 
often  not  clearly  divided,  tr.e  leg-bearing  region 
alleys  fused  with  the  heed.  (fig.  A)  . 


Arachnids 


Antennae  oresent,  legs,. three  nslrs . or  five,  or 
more'  body  divided  Into  three  more  or  less  evident 

regions  .  2 


Antennae  not  evident;  legs  anting  or. quite  short, 
body  soft,  more  or  less  worm-like,  regions  obscure, 
even  the  head  may 


be  indistinct. 


(fig.  Q.Y. Z.A.A. ) some  lmneture 

insects  (grubs 
end  maggots) 


Not  more  than  three  n^lre  of  evidently  Jointed 

legs!  (fig.  . . Insects 

At  least  five  «nd  usually  seven  nsirs.of  lags,  ,  certain  Crustacea 

At  least  fifteen  nairs  of  legs  .  myriapods 

Key  to  certain  orders  of  insects 
(All  references  are  to  Figures  1  ?n*  2) 


lings  developed 

Wings  anting . 

The  fore  wings  horny,  leathery,  or  parchment- 
like,  »t  least  at  the  b«se,  the  hind  wings,  if 
ore  sent,  thin,  end  membranous..  ......... 

The  fore  wings  membranous.  . . . 

The  fore  wings  veined,  (fig.  C) .  .  .  .  . 

The  fore  wings  veinless,  uniformly  horny  and, 
at  rest,  concealing  the  hind  wings,  (fig.  D)  .  . 

Mouth  marts  modified  to  form  a' Jointed  beak 
for  nlerclng  end  sucking,  (fig.  E)  ......  ..  ..  .« 


2 


12 


3 
7 

4 

6 


(Hem lot era)  bugs 


Wouthoarts  fitted  for  chewing,  (fig.  I) .  5 


Hind  wings  not  folded  and  very  similar  to  the 
fore  wings . . . 

Hind  wings' folding,  fen-like,  broader  than  the 
fore  wings,  (fig.  F)  . 


(Isootern) terni te 


( Orthoot e  ra ) gr»  s <s 
hoopers,  cricket? 
roa  che  s 
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6.  Body  ending  In  movable  forceps;  »ntenn«e  long, 
thread-like;  fore .wings .short*  hind  wings.  .  . 

delicate,  nearly  circular;  elongate  insects, 
(fig.  0,H.) . 

6‘.  No  forceps;  .antennae  various  but  usually  .  .  . 
eleven- jointed;  'forewings  usually  cover 
abdomen . . . 


7.  ‘.V i th  four  Vi . 

7'.  With  two  wings;  mouth  parts  forming  a  oro- 
boscis,  no  tails,  (fig.  J)  . 


S.  Mouth  parts  fitted  for  chewing  . 

S‘.  Mouth  parts  fitted  for  sucking  and  forming. a 

colled  tongue  (rarely  wanting) ;  body  and  wings 
covered  with  scales;  antennae  ne. ny-J olnted . 
(fig.  K)  . 

9.  Tarsi  usually  five-jointed;  hind  wings  smaller 
than  fore  wings  and  lying  flat  over  the  body 
at  rest,  wing’s  with  rather  few  veins;  abdomen 
usually  constricted  at  base.  (fig.  M,N,R.)  .  . 


9).  Tarsi  2-,  3-,  or  4- Jointed  . 

10.  ^ings  very  nearly  equal  in  size,  held  flnt  over 
abdomen  when  at  rest.  (fig.  N)  .  . . . 

10’.  Hind  wings  smaller  than  fore  wings, .held  roof- 

like  over  the  abdomen,  except  when  the  wings  are 
reduced  and  thickened.,  (fig.  N) . 


11.  Cercl  minute,  (fig.  B)  . 

11* ,  Cercl  conspicuous;  basal  joint  of  each  front 
tarsus  swollen,  (fig.  0)  .  . 


12.  Body  more  or  less  insect-like,  1. e . .  with  more 

or  less  distinct  head,  thorax,  end  abdomen;  with 
Jointed  legs  and  capable  of  locomotion,  (fig.  Q) 


(Dernaotera) 

earwigs 


( Coleo-ntero) 
beetles  and 
weevils 

S 


(Dlotera)  two- 
winged  flies 

9 


(Lerldootera) 

moths 


(Hynenoptera)ents, 
bees,  wasps 

10 


11 


(Psocoptera)  book 
lice 

(Isoptera)  ter¬ 
mite  s 


(Embloptera) 

embilds 


13 


16 


12'.  .Vithout  distinct  body  regions,  or  mithout  Jolnte 
legs,  or  lncanable  of  locomotion.  .  (f  iff.  Y,  Z,  A,  A, 


13.  Living  on  land,  without  gills . 

13 1 .  Innature  insects,  living  in  water;  usually 

with  gills,  (fig.  »7,X. ).  ........... 

14.  Very  delicate  anrl  usually  minute  insects, 

nouth  marts  not  evident . 

14'.  Mouth  marts  fitted  for  chewing  (if  body  is 

scaly,  see  Thysanure)  .....  . 

15.  Abdomen  of  10  segments;  body  scaly;  three  tails 


15'.  Abdomen  of  6  or  fewer  segnente  and  usually  a 

smrinring  amoaretus  near  its  tin.  (fig.P).  .  .  . 


16.  Underside  of  abdomen  without  legs . 

16 1 .  Abdomen  with  5  W-lrs  or  less  of  false, 
unjolnted  legs;  abdomen  not  distinctly 
separated  from  thorax,  catemiliar-llke 
larvae .  (fig.  Q) 

17.  Antennae  long  and  distinct  . 

17*.  Antennae  very  short;  larvae;  not  enter¬ 
al  11a.  r-1  ike  . 


IS,  Abdomen  ending  in  stroncr,  movable  forcems. 

(fig.  G.) . * . 

1$$'.  Abdomen  not  ending  in  forcems . .  .  ,  .  . 

19.  Abdomen  not  much  narrowed  *>t  base . 

19*.  Abdomen  strongly  narrowed  at  base;  segments 

of  thora.x  not  movable  on  one  another,  (fig.  R) 

% 

20.  Very  small  (1/SH  or  less)  louse-like  smecies  .  . 

20*.  Not  louse-llke,  usually  lrrger  . 


17 


% 


)  27 

14 

26 

15 

16 

( Thyeanure) 
bristle  tails 

( Collenbola) 
sarlngtalls 

17 

( Lemldomtera) 

moths 

IS 


( Coleomtere ) 
beetles 

(Dermnmtera) 

earwigs 

19 

20 

(Hymenomtera) 

ants 

( Psocoatere) 
booklice 

21 


r. 


21.  Hint3  legs  fitted  for  Jamming,  with  enlarged 

thighs  [fie.  9.) . •  ••••««•••• 

21*.  Hind  legs  not  fitted  for  Jumming.  (fig..  T. ) .  .  . 

22.  Antennae  thread-like,  many- jointed;  cerci 

mrescnt  (fig.  B. ) . . 

22'.  Antennae  usually  with  eleven  Joints;  no  cerci.  . 


(Orthomtera) 
cricket 8  and 
grasshommers 

22 


23 

(Coleomtern) 

beetles 


23.,  Cerci  •"1th  more  than  three  Joints,  24 


23*.  Cerci  with  one- three  Joints.  .  . . 25 

24.  Body  flattened, .oval; .head  turned  down  and  , 

nore  or  less  concealed  under  the  front  of  the 

thorax  (fig.  Y) .  (Orthomtera) 

roaches 


24'.  Body  elongate;  cerci  very  short;  he**d  horizontal, 

not  turned  under  front  of  thorax,  (fig.  V.)  ...  (Isomtern) 

termites 


25.  Front  tarsi  not  enlarged,  (fig.  B.) .  (Isomtera) 

termites 


25*.  Basal  Joint  of  each  front  tarsus  swollen,  (fir.  0)  (2nblo^>tera) 

emblids 


26.  Body  in  a  case  n*de  of  sand,  bits  of  le"f,  etc; 
aninrl  is  somewhat  cate miliar- like;  sometimes 

in  burrows,  (fig.  W.)  . .  (Trlchomtern) 

caddie  worms 

26’ .  Body  not  encased  in  a  shell;  wlth  external 

gills;  two  or  three  long  tails,  (fig.  X.)  .  .  .  (Ephemeromtera) 

mayflies 

27.  With  a  nore  or  less  distinct  head  and  chewing 

mouth  mart 8;  body  stralpht  or  C- shamed.  ...»  .  .  (Coleontera) 

beetles 


27|.  Head  scarcely  evident  23 


2S.  Mouth  marts  fitted  for  chewing,  distinct, 

(fig.  Y)  .  .  .  „ . .  (Hynenomters) 

wood  Wa8T>8 


28'.  Uouth  parts .  scarcely  evident;  body  strongly 
tapered  toward  the  front  In  most  cases. 

(fig.  2,  AA.) . 


and  (Dlptera)  two-winged  flies . .  .  . 


(Hyme noptera) 
ants,  bees, 
some  wasps 
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29..  Larva  in  some  kind  of  nest  or  excavation,  (fig,  Z. )  Hymenoptera 

29'.  Larva  In  meat,  fruit,  cheese,  or  decaying 

material. .(fig.  AA. )  .  Dlptera 


If 7.  Glossary. 


Here  are  given  definitions  of  most  of  the  Important  terms 
used  in  the  present  report,  and  some  others  which  are  likely  to  be 
encountered  In  the  less  technical  works  on  Insects.  It  is  not  feasible 
to  give  a  complete  dictionary  of  entomology;  however,  Torre-Bueno  has 
rather  recently  published  a  book  defining  all  of  the  terms  in  ento¬ 
mology. 


abdomen-  the  hlndermost  of  the  three  main  regions  of  the  body;  It 
normally  consists  of  six  or  more  segments  and  bears  neither  legs  nor 
wings . 


antenna  -  a  movable,  unbranched  segmented  appendage,  situated  on  the 
head;  it  is  usually  slender  and  projecting;  popularly  colled  a 
"feeler". 


caterpillar  -  the  long,  worm-llke  larva  of  a  butterfly  or  mothr  also 
sometimes  the  similar  larvae  of  such  Insects  as  aawflles. 

cercus  -  one  of  a  pair  of  tall-like  segmented  structures  projecting 
from  the  hind  end  of  the  body;  rarely  consists  of  a  single  segment. 

chrysalis  -  the  pupa  of  most  Insects  having  complete  metamorphosis, 
especially  moths  and  butterflies, 

cocoon  -  the  envelope,  often  largely  of  silk,  which  the  larvae  of  many  ' 
Insects  form  about  themselves,  and  in  which  they  pass  the  pupal  stage. 

false  leg  -  a  segmented  projection  from  an  abdominal  segment  of  a  cater¬ 
pillar,  provided  at  its  tip  with  hooks  and  a  sucking  disc,  but  not 
with  claws;  also  called  proleg. 

frass  -  powdery  or  sawdust-like  material  resulting  from  the  chewing 
activity  of  an  Insect. 

grub  -  a  thick,  worm-llko  larva,  often  bent  and  rather  inactive;  the 
legs  very  short  or  wanting, 

head  -  the  first  of  the  three  body  divisions  of  an  insect,  usually 

forming  a  horny  capsule;  it  bears  the  eyes,  antennae,  and  mouth  parts. 
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larva  -  the  lnnature,  wingless,  feeding  stage  of  an  Insect  having  a  com¬ 
plete  metamorphosis. 

mageot  -  soft-bodlert,  legless  larva,  usually  straight  and  tanered  toward 
the  two  ends. 

mandible  -  Jaw;  more  specifically,  either  member  of  the  anterior  pair  of 
mouth  marts;  In  most  Insects  adapted  to  biting  or  chewing. 


membranous  -  thin,  tough  and  usually  shiny  and  transparent;  often 
resembling  cellophane  In  appearance. 


metamorphosis  -  an  apparent  change  of  form  or  structure,  seen  In 

those  Insects  which  pass  through  larval,  pups!,  and  adult  stages. 


mouth  hooks  -  the  hook-shaned,  horny  structures  which  represent  the  raout 
parts  In  fly  maggots. 

nymph  -  a  young  stage  of  an  Insect  which  possesses  gradual  or  Incomplete 
metamorphosis . 


ovipositor  -  a  specialized  organ  at  the  hind  end  of  the  body  for  deposit¬ 
ing  eggs. 

palpus  -  a  segmented  structure  attached  to  a  mouth  part,  usually  serving 
the  senses  of  taste  and  touch. 


Proboscis  -.an  essentially  tubuiar  Prolongation  of  the  region 
mouth  to  form  a  sucking  organ.  The  mouth  parts  are  usually 

within  It. 


about  the 
enclosed 


puna  -  the  stage,  usually  quiescent,  between  larva  and  adult  In  Insects 
having  a  complete  metamorphosis. 

ouporlum  -  the  last  larval  skin  which  encloses  the  pupa  In  the  two-winge- 
flies. 


queen  -  In  the  social  Insects,  a  female  actually  functioning  in  repro¬ 
duction. 


rot  -  In  wood  a  loss  of  strength  which  Is  not  accompanied  by  the  obvious 
removal  of  substance;  more  generally  deterioration  due  to  the  action 
of  microorganisms. 


segment  -  a  portion  of  the  body  or  an  appendage  enclosed  In  a  horny  ring 
and  attached  by  a  Joint  to  one  or  two  similar  segments. 


stylus  -  movable,  segmented,  usually  pointed  process;  one  may  arise  from 
the  attenuation  of  such  an  appendage  as  the  mandible. 


tho  ray- 
men; 


-  the  middle  region  of  the  body,  between  the  head  and  the  abdo- 
lt  bears  the  true  legs  and  the  wings,  If  these  are  present. 
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2.  DISCUSSION  OF  THE  MATERIALS  ATTACKED  AND 
NOTES  ON  THE  DIAGNOSIS  OF  DAMAGE 

It  Ip  the  ou  re  os  ©  of  this  section  to  Indicate  under  each  group  of 
materials  (there  are  52  such  groups)  those  organisms  which  are  most 
frequently  found  as  nests  and  where  possible  the  type  of  damage  for 
which  they  are  responsible;  the  distribution  and  expected  intensity  of 
the  damage;  the  significance  of  infestations  of  the  particular  group' 
of  materials  in  relation  to  infestation  of  other  groups  of  materials. 

It  is  also  our  intention  to  show  the  relation  of  the  infestation  to 
the  use  of  the  Infested  material  where  use  can  be  made  of  it;  to  give 
clues  to  enable. personnel  in  the  field  to  determine  causes  of  damage, 
we  will  further  indicate  the  general  nature  of  the  prevention  and  cure 
of  infestations. 

2a.  Food  and  closely  re3ated  materials. 

The  subdivision  of  the  very  numerous  materials  comprised  here 
is  a  matter  of  some  difficulty,  and  we  must  admit  at  the  outset  that  a 
completely  logical  subdivision  on  the  basis  of  a  single  principle  has 
not  been  adopted.  Actually  account  has  been  taken  not  only  of  the 
chemical  nature  of  the  materials  but  of  processes  of  preparation;  the 
relation  of  the  materials  to  specific  groups  of  insects;  and  the’ fact 
that  certain  native  produce  serves  in  some  regions  as  a  reservoir  for 
food  infesting . organisms. 

2al.  Grain,  including  rice  and  buckwheat  and  its  Products. 

I  have  Included  here  a  very  large  variety  of  substances 
which,  although  as  different  in  their  appearance  as  threshed  wheat  and 
shredded  wheat”,  have  none  the  less  very  great  similarity  in  chemlcai 
composition  especially  the  hiph  starch  content  and  ohe  gluten  content, 

To  be  sure  grain  contains  more  fat  than  most  of  its  products.  However, 
the  Insects  associated  with  these  numerous  materials  are  very  similar/ 
There  is  not  even  a  very  large  distinction  evident  among  the  Insects* 
associated  with  the  different  species  of  grain,  except  in  so  far  as 
particular  grains  are  raised  in  well  defined  and  limited  areas.  Corn, 
for  example,  has  a  few  pests  restricted  to  the  Western  Hemisphere  and’ 
there  are  similarly  a  few  special  pests  of  rice  in  eastern  Asia,  but 
when  these  same  grains  are  raised  in  other  parts  of  the  world  they  have 
in  general,  the  pests  associated  with  other  grains  of  the  same  region.  ’ 
There  is  more  distinction  to  be  drawn  between  the  raw  grains  and  certain 
of  their  Products.  In  this  connection  it  is  rather  striking  that  the 
reports  of  pests  associated  with  cracked  grain  and  with  animal  feeding 
stuffs  which  presumably  have  been  subjected  to  a  minlmui?  of  denaturatlon 
are  more  similar  as  well  ns  more  numerous  than  those  reported  for  the 
sophisticated  dry  cereals  sold  as  human  breakfast  foods. 

There  are,  some  246  insects  and  mites  now  recorded  in 
connection  with  these  materials.  Nine  orders  of  insects  ®re  represented 
mostly  by  very  few  species.  The  table  below  gives  the  number  of  species' 
for  the  orders  of  Insects  and  mites. 

(Table  on  next  page) 
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Silverfish 

1 

Important  beetle 

families 

Crickets  and 

roaches  6 

Anoblldae 

6 

Termites 

1 

Bostrlchidae 

7 

Emblids 

1 

Calandrldae 

4 

Bookllce 

6 

Crypt ophagidae 

9 

Moths 

39 

Cucujidae 

7 

Beetles 

159 

Dermestldae 

15 

Flies 

2 

Lathridlldae 

16 

Ants 

2 

Oetometldne 

5 

Mites 

Ptlnidae 

16 

Silvanldae 

6 

246 

Tenebrlonidae 

30 

Damage  by  Orthootera  is  usually  not  serious  since  they 
ere  not,  as  a  rule,  prone  to  feed  on  dry  end  hard  materials.  There  is, 
of  course,  considerable  doubt  about  the  real  significance  of  the  book- 
lice  in  connection  with  any  vegetable  material  and  it  is  not  unreasonabl 
to  suggest  that  grain  in  which  they  are  found  is,  In  any  event,  slightly 
mold.,’  or  too  damp. 

The  moths  of  stored  grpin  fall  into  two  main  groups. 

The  larger  of  these  consists  of  insects  ordinarily  feeding  on  dry 
materials.  For  exnmole,  the  Eohestins,  the  Indlanneal  noth,  the 
European  grain  noth,  and  Angoumois  grain  noth  and  the  various  species 
of  Tinea,  The  second  group  Includes  a  few  snecies  thrt  feed  on  grain 
in  the  field  and  may  emerge  from  it  rfter  it  h"8  been  brought  into 
store. 


As  would  be  expected,  the  largest. number  of  soecies 
associated  with  grain  is  contributed  by  the  beetles  and  here  the 
relationship  to  grain  itself  Is  even  more  variable.  There  are,  of 
course,  considerable  numbers  of  soecies  of  wood  boring  families, 
Anoblldae,  Bostrichldae,  Lyctidae,  and  Scolytidae,  Next  there  are 
some  soeclee  that  seem  to  have  been  originally  associated  with  seeds 
on  the  olant,  such  as  the  Calandrldae  and  probably  the  Tenebrlonidae. 
Third,  there  are  some  species,  such  as  the  Cleridae,  which  were  original 
at  least,  feeders  uoon  other  grain  insects,  but  which  now  ore  either 
sufficiently  frequent  in  grain  to  be  a  mere  nuisance  because  of  their 
presence  or,  as  seems  to  be  true  of  Tenebrlonidae  and  some  of  the 
Dermestldae,  have  changed  from  an  insect  feeding  habit  to  a  gr°ln  feed¬ 
ing  habit  to  some  extent.  In  the  next  place  »e  find  the  Cryotoohegidae 
and  La.thridlldae  and  probably  still  others  whose  main  interest  in  the 
grain  is  for  the  molds  which  nay  be  present.  And  finally,  there  are 
some  few  scattered  species  whose  significance  is  unknown,  A  consider¬ 
able  proportion  of  grain  beetles  are  now  cosmopolitan  and  perhaps  a 
quarter  of  them  are  normally  feeders  on  other  substances  than  grain 
products. 


It  is  well  known  that  the  ability  of  beetles,  especial! 
to  attack  sound  grain,  is  variable.  The  lesser  grain  borer,  the 
granary  weevil  pnd  the  rice  weevil  may  attack  perfectly  sound,  hard 
grain  but  many  of  the  weaker  species,  such  as  the  saw-toothed  grain 
beetle  and  certain  flour  beetles  apparently  only  attack  grain  that  has 
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already  been  damaged  by  some  other  means.  As  a  consequence  they  tend 
to  be  more  associated  with  grain  products. 

The  29  species  of  mites  associated  with  grain,  so  far 
a 8  we  know,  are  all  primarily  Interested  either  In  nolds  that  nay  be 
growing  on  the  grain  or  Its  product  or  In  other  Insects  or  mites  that 
are  ore sent. 


The  oroblem  of  orevantlng  or  treating  Insect 
Infestations  of  grains  Is  the  subject  of  a  large  literature.  We  may 
conclude  that  the  Infestation  of  grain  and  its  oroducts  takes  olace 
with  great  readiness.  Grain  can  seldom  be  stored  under  ordinary 
conditions  for  any  great  length  of  time  without  acquiring  some  degree 
of  Infestation.  Once  established  such  an  infestation  builds  uo  very 
raoidly  to  a  oeak  value  and  if  any  grain  is  added  to  the  bln,  this 
high  oooulation  of  insects  is  easily  maintained.  Hence,  the  oreventlon 
of  grain  infestation  is  very  difficult.  It  is  aooarently  not  possible, 
as  yet  to  store  large  quantities  of  grain  in  Insect  tight  containers, 
although  this,  of  course,  can  easily  be  done  for  n  few  pounds  of  grain. 

The  best  procedure  appears  to  be  to  fumigate  both  the 
bins  and  their  contents  at  reasonable  intervals.  This  may  be  done 
with  hydrocyanic  acid  or  with  methyl  bromide.  Although  it  is  not 
possible  to  completely  clean  infested  grain  of  insect  remains  after  a 
fumigation  this  is  probably  not  consequenti°l  if  the  lnfeetetlons  do 
not  reach  hi0i  levels.  Heat  has  also  been  used  and  from  the  point  of 
view  of  the  killing  of  insects  is  satisfactory.  Not  as  much  may  bo  sold 
for  its  effect  on  the  grain  lteelf..  The  disinfestation  of  flour  and 
other  ground  products  is  somewhat  less  troublesome  because  most  stages 
except  the  eggs  can  be  screened  out.  Insect  eggs  are  difficult  to 
kill  even  by  fumigation. 

The  ordinary  specifications  for  moisture  content  in 
grain  and  flour  permit  13$f  which  is  well  above  the  level  requisite  for 
the  growth  of  the  ordinary  beetles.  It  is  not  likely  that  moisture 
contents  above  would  be  safe  against  all  grain  pests  in  wnrra 

regions,  although  between  6  and  would  protect  against  most  of  thorn. 

The  presence  of  insect  infestation  is  usually  made 
known  by  one  or  more  definite  symptoms  and  the  most  frequent  of  these 
1 8  the  presence  of  powder  derived  from  the  feeding  of  the  insects.  It 
may  amount  to  a  considerable  proportion  of  the  grain. 

The  second  symptom  is  the  presence  of  grain  which  has 
been  partly  eaten  away  or  which  shows  perforation.  These  symptoms 
apply  to  most  of  the  grain  pests  except  the  mites.  In  addition,  moths 
and  embllds  spin  silk  ns  they  work  which  results  in  p.n  untidy  webbing 
together  of  broken  grains,  powder,  and  excrement.  This  webbing  is 
usually  most  conspicuous  at  the  surface  of  the  mass.  The  only  sure 
wpy  of  determining  the  presence  of  mites  is  to  find  the  animals  them¬ 
selves.  The  finding  of  insect  remains  in  grain  and  grain  products  is 
not  necessarily  proof  of  present  infestation.  It  may  merely  indicate 
that  the  product  was  derived  from  badly  infested  raw  materials. 
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2a 2.  Meat  and  fish,  fresh  or  unspecified. 

Some  62  insects  and  mites  have  been  recorded  in 
connection  with  fresh  meat  and  fish.  As  might  be  exacted  they  show 
a  very  different  distribution  among  the  orders  than  is  true  of  almost 
any  other  material  that  we  shall  consider,  since  this  category  includes 
the  only  moist  unprocessed. protein  foods.  The  ordinary  feeders  on 
starches  are  almost  entirely  wanting,  as  nre  also  the  feeders  on  dry 
protein  for  the  roost  part.  The  insects  which  fall  here  are  primarily 
predators  and  scavengers;  from  the  standpoint  of  the  blue  bottle  fly 
even  the  freshest  meat  is  carrion.  This  is  true,  for  example,  of  the 
three  clerid  and  four  dermestld  beetles  which  have  been  recorded  end 
it  is  even  more  true  of  most  of  the  46  flies,  ^e,  therefore,  turn 
our  attention  particularly  to  this  last  order.  The  literature  on  the 
pests  of  meat  and  fresh  fish  is  very  unsatisfactory,  but  I  have  tried 
to  list  those  species  which  have  been  actually  reared  from  meat  end  to 
ignore  those  in  which  only  the  adults  visit  meat  without  evidence  $h*t 
the  young  may  nature  in  it,  fflth  the  exception  of  the  cheese  skipper 
ell  of  tne  flies  given  are  fairly  closely  related  to  the  house  fly. 

On  consulting  the  appendix  it  will  be  found  that  practically  all  the  . 
records  come  from  four  localities,  Europe,  North  America,  the  Oriental 
region,  and  Australia.  This  does  not,  by  any  means,  infer  that  attack 
on  neat  will  not  be  severe  in  any  warn  or  temperate  region,  but  merely 
that  careful  studies  of  the  important  genus  Saroophaga  have  been  made 
only  in  the  regions  indicated.  This  genus  contains  very  numerous 
soeaies  in  all  parts  of  the  world.  It  can  be  said  with  certainty, 
however  that  by  no  means  all  of  them  attack  neat.  The  genera 
Calllohora  and  Lucllla  will  certainly  Prove  also  to^be  of  great 
importance.  They  are“resoectively  the  well  known  blue  bottle  and  green 
bottle  flies.  The  cheese  skipper  is  a  special  case.  It  appears. to 
be  normally  a  feeder  on  cheese  and  smoked  meats,  but  has  been  reared 
from  fresh  meat.  More  will  be  said  about  it  in  the  next  section, 

(p.  112-113) 


The  ability  of  some  of  these  flies  to  find  meat  quickly 
is  very  remarkable.  I  have  myself  seen  green  bottle  flies  depositing 
larvae  on  animals  dead  less  than  three  minutes,  although  living  animple . 
in  the  same  room  were  not  bothered.  Most  of  these  flies  hatch  their 
eggs  within  the  body  a  few  at  a  time  and  deposit  or  "lay  young  maggots. 
They  do  not  have  to  make  actual  contact  with  the  meat  to  do  this.  It 
was  shown  many  years  ago  that  blue  bottle  flies  would  drop  their. larvae 
from  0  height  of  more  than  0  foot  onto  meat  and  that  normally  they. fly 
above  the  meat  but  will  not  approach  It  so  readily  from  the  side.  Hence 
the  general  custom  of  having  a  fixed  too  for  meat  display  counters. 

The  prevention  of  "blowing"  of  meat  by  flies  consists  primarily  in 
prevent in  access  of  flies  to  the  meat  containers  and  preferably  .\en 
to  the  rooms  in  which  the  meat  is.  This  can  be  done  with  screening. 
Infested  meat  may  sometimes  be  partly  reconditioned  by  trimming. 

A  few  species  of  ants  ere  especially  attracted  to 
meat.  These  may  be  handled  according  to  the  methods  given  in  section 
(  four  for  ants  in  general. 

The  best  diagnosis  of  infestation  of  meat  is  based  on 
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the  actual  finding  of  the  Insects  or  their  young,  hut  the  larder 
beetles  nay  make  fairly  characteristic  tunnels  in  the  meat  and  leave 

behind  cast  skins. 


Roaches 

Moth  8 

Beetles 

Flies 

Ants 

Mites 


2a3.  Dried  and  smoked  meat  and  fish. 


In  general  the  types  of  insects  which  attack  these 
substances  are  the  same  as  those  that  attack  fresh  meat,  but  it  will 
be  spen  at  once  that  there  are  many  fewer  species  and  a  predominance 
of  dermestld  beetles.  This  is  to  be  expected  since  dried  neat  more 
nearly  resembles  the  hair  or  wool  with  which  we  commonly  associate 

such  beetles. 


In  general,  the  protection  of  dried  and  smoked  meat 
or  fish  consists  in  preventing  the  access  of  insects  to  it  by  means  of 
tight  packaging  or  containers.  It  should  be  noted  that  the  relative 
infreouency  of  meet  infesting  insects  in  the  United  States  is  probably 
due  to  our  national  habit  of  keening  all  meat  even  if  dried  or  smoked 
in  refrigerators  rather  than  leaving  the  bacon  or  klnoere  out  on  the 

pantry  shelf. 


The  diagnosis  of  insect  damage  here  is  similar  to 
that  in  fresh  neat,  but  due  to  the  preponderance  of  beetle  attack  the 
tunneling  and  presence  of  cast  skins  will  be  more  frequent. 


Sllverflsh  1 
Moths  2 
Beetles  lb 
Flies  2 
Mites  2 
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2a4.  Peas,  beans,  and  lentils. 

These  three  groups  of  seeds  are  closely  related 
botanically  ana  are  placed  together  to  separate  them  from  other 
related  seeds  which  come  into  commerce  and  are  to  some  extent  used 
for  human  food  in  various  parts  of  the  world.  These  latter  seeds  are 

tpken  up  in  section  2a6, 

The  present  group  of  seeds  is  particularly  liable  to 
attack  by  seed  weevils  of  the  family  Mylabrldae.  Of  the  ^9 
which  I  have  listed  more  than  one-third  (17  species)  belong  to  this 
family  and  some  like  the  common  bean  weevil  can  do  tremendous  damage 


25 


»  a 


to  stores  of  beans,  particularly  the  navy  bern.  The  remaining 

of  thlA  l  nothB  are  general  feeders  on  seeds  of  nanv  kinds  Non* 

of  them  seem  to  be  especially  attached  to  leguminous  seeds  T 

=■8*  sas  «  arj-Aa-rsSSsS  &■ 

narked  by  nerforated  benns  which  nay  show  exte^lve  excavat?on^  7 


Moths 
Beetles 
Ant  8 


10 

38  of  which  17  are  Mylabridae 

4 


2a5.  Peanuts 


psysSsfS:  k?l=Se=. 

s~,sr= 

because  the  original  essoclftlon  of  this  family  with  the  aeJ^L. 
based  on  the  laying  of  eKM  on  the  nods  while  still  on  thfnlanta  ana 
e  nods  of  peanuts  being  subterranean  were  not  accessible  to  this 
group  of  beetles.  As  a  consequence  the  lnsec?s  Sf  pfanuts  ne  P 

close  relatives!130"1  dl8trlbuted  ^TOln  Insects  or  their 


Sllverf ish 
Enbllds 
Moths 
Beetles 


1 

1 

6 


2e6.  Other  leguminous  seeds 

as  the  soy  beans  a^thTchl^en^wS^h^s^ ^^ons°  s^ufed^or"'*' 
unan  food,  but  also  a  considerable  number  of  other  seeds  such  ®s  those 
of  senna  and  acacia  which  have  medicinal  use  rnd  0  variety  of  sefds* 

ve  ry °£ren t  ^  dlf  f  e  re  nee  9 1  n  *53^“ 


Moths 

Beetles 


Jp,  of  which  2g  are  Mylabridae 
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2bJ .  Edible  nuts. 

"fllnut  f"nlly,  bu  'in " °e  d  ihf  not  only  the  edible  nuts  of  the 

Wo  very  Is  me  number  of  ob8““tlons  tavTS™".!  V"V  fflw  other*- 
foods  end,  renerelly  soe°himk  the  6  "  ™fle  0f  oests  of  these 

those  of  venous  miscellaneous  seeds  ^e  hl5h°£w  TV*™  «*? 
oops  not  seem  to  be  reflected  «n  ^  content  of  nuts 

The  only  special  ooint  t  l  nJtio T  1  f^1®8  of  the  lnsect  "eats, 
beetles  In  calm  nuts  I  would  y,rtlBa  iS  the  occurrence  of  some  scolytld 

to  find  sone  Infestation  by  nyiebrld^eetles?01  ^  further  Investigation 


Moths 
Beetle  s 
Ants 
Mites 


13 

19 

1 

1 

F 


2b&.  Cacao 


“’hlch  chocolnte  l^orod  ™edPC"The  t0,,  *?*  3tored  s»eds  from 

oertnln  tronlcel  erees  en/'es  seeds^  2™ »tt™i!\  1"r?e  fmntltles  In 
Pre,  however,  relatively  few  insects’ rpoorv^a1^?1^6  to  lnsects.  There 
peculiar  to  cacao.  In  looking  nvor  *'hlch  Pre  "nrarently 

reietlveiy  large  number  of  bookllce  on  record^but^th^ari by  *5® 
the  fact  that  a  soeclal  studv  of  but  .  8  arlflPS  fron 

has  been  made  in  England  *>nd  in  all  orohnh???f  Associated  with  cacao 

numbers  of  bookllce  coSld' Se  found  associa  tL  ^th^1"1’,01'  }"rPr 
that  wsg  adequately  Investigated  Tn  nv  ,  '  ^  ^  nny  troolcal . oroduce 

IiiS€!SSHi  llsri; a 


Ear«'lcrs 
Bookllce 
Moths 
Beetle  s 


1 

6 

9 


2*9*  Raisins. 


as* 

considerable  f00" 

;s  x 
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Mediterranean  flour  noth.  The  dried  fruit  noth  and  the  Indianmenl 
noth  are  also  recorded.  The  nost  important  group  of  raisin  nests  Is 
the  beetles.  Here  are  included  several  scavengers  and  certain  of  the 
grain  beetles,  such  as  the  saw-toothed  grain  beetle  and  the  two 
comnon  species  of  flour  beetle. 

Booklice 
Moths 
Beetles 
Flies 
Mites 


2al0.  Dates. 

Dates,  being  fruit,  are  attacked  by  a  nunber  of  the 
ordinary  fruit  insects;  chiefly  noths,  such  as,  the  almond  noth, 
raisin  noth  end  by  a  few  fruit  beetles,  notably  the  corn  sap  beetle. 

We  find  listed  12  noths  and  four  c-etles.  Three  of  the  noths  are 
not  listed  in  connection  with  any  other  material.  The  main  reason  for 
treating  dates  separately  Is  that  they  are  a  native  source  of  food  - 
infesting  insects  in  North  Africa  and  the  Middle  East.  Unless  caution 
is  exercised  they  could  result  in  infestation  of  Imported  materials 
when  dates  are  obtained  locally  for  subsistence. 

Moths  12 

Beetles  4 

rs 

2all.  Copra. 

Like  dates,  copra  is  a  native  source  of  food- infesting 
Insects  likely  to  be  present  in  regions  where  military  operations  are 
or  win  be  undertaken.  The  important  Insects  associated  with  copra 
are  beetles,  of  which  I  have  a  record  of  19  species.  Here  are  Included 
not  only  some  of  the  fruit  beetles  as  well  as  two  dermestid  beetles 
which  are  normally  associated  with  animal  natter.  The  red-legcred  ham 
beetle  is  so  attached  to  copra  In  the  Orient  that  It  is  often  known 
as  the  copra  beetle.  It  is  evident  then  that  the  copra  may  be  a 
source  of  Infesting  Insects  for  meat  as  well  as  fruit  and  grain. 


Bookllce 

1 

Moths 

3 

Beetles 

19 

Mites 

2 

2el2.  Other  dried  fruits. 

The  67  insects  and  mites  listed  under  this  heading 
include  the  major  share  of  all  fruit  infesting  insects  and  in  addition 
a  number  of  general  feeders  like  the  cigarette  beetle  and  Ptinus 
tectus.  It  has  been  pointed  out  th«t  packaged  dried  fruit  can  be 
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orotected  by  heating  to  125°-130°F  for  one  hour  after  the  necking  and 
sealing  is  completed.  Generally  sneaking,  the  moisture  content  of  ’ 
dried  fruits  is  not  low  enough  to  prevent  the  development  of  insects; 

It  is  probable  that  the  mites,  seven  in  number, 
recorded  in  connection  with  dried  fruits  are  chiefly  significant  if 
the  fruit  is  allowed  to  become  moldy  or  has  been  seriously  damaged  bv 
Insect  attack.  J 


It  is  well  known  not  only  in  connection  with 
miscellaneous  dried  fruits  but  also  with  raisins  that  a  considerable 
share  of  the  infestation  begins  in  partly  dried  fruits  in  the  field 
and  that  it  is  kept  p.live  from  year  to  year  by  means  of  culls  and 
windfalls  which  are  permitted  to  remain  on. the  grounds  in  the  orchards. 
Hence,  to  a  large  extent  the  prevention  of  infestation  goes  back  to 
the  housekeeping  methods  of  the  orchardlst. 

The  general  remarks  made  in  previous  sections  about 
diagnosis  hold  here  also,  but  the  attack  is  often  more  vague  and 
unfortunately  does  not  lend  itself  well  to  photography;  I  am,  therefore 
not  including  copies  of  any  of  the  available  illustrations.  The  large  * 
number  of  moths  listed  is  probably  in  part  due  to  the  softness  of 
fruit  and  the  fact  that  it  normally  has  a  high  moisture  content  even 
when  dried. 

Crickets  1 

Bookllce  1 

Moths  22 

Beetles  39 

Mites  b 

s? 

2al3.  Other  miscellaneous  seeds. 

Under  this  he«d  I  have  included  particularly  oil 
seeds,  cottonseed  and  its  products,  end  the  seeds  of  oil  palms.  This 
heading  is  to  round  out  the  account  of  seeds  and  aside  from  the  fact 
that  some  of  these  seeds  are  commonly  raised  and  stored  in  most  parts 
of  the  world,  they  have  but  little  connection  with  the  materials  used 
by  the  Quartermaster  Corps,  except  in  so  far  ps  they,  like  some  other 
foods,  may  pet  *>s  sources  of  infestation.  We  may  notice  here  especially 
the  reappearance  of  the  family  Mylabrldae.  Some  of  the  species  are 
especially  associated  with  oil  palm  nuts,  a  few  attack  some  of  the 
seeds  Included  here  rather  accidentally  being  normally  pests  of 
leguminous  seeds  and,  one,  Mylabrls  blxae.  is  only  known  as  a  pest  of 
annatto  seeds.  One  of  the  scolytld  beetles,  Coccotrypes  dactyllperda. 
not  only  attacks  raw  vegetable  ivory  but  as  well  buttons  made  from  It! 
and  in  some  places  is  known  as  the  button  weevil. 


Crickets  1 

Bookllce  1 

Moths'  lg 

Beetles  54 

Ant  8  1 

Mites  10 
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2al4.  Dried  vegetables. 


The  number  of  insects  so  far  reported  attacking  dried 
vegetables  is  surprisingly  small  and  most  of  them  are  either  rather 
general  feeders  or  have  long  been  known  in  association  with  dried 
slants,  generally.  I  believe  that  further  investigation  will  con¬ 
siderably  increase  the  list.  It  is  noteworthy,  for  example,  that 
neither  the  cigarette  beetle  nor  the  drug  store  beetle  is  recorded 
so  we  must  regard  the  Information  here  given  as  quite  incomplete.  ' 

I  would  expect  the  damage  to  consist  either  of  the  characteristic 
noth  webbing  with  destruction  or  perforation  by  beetles  associated 
more  or  less  regularly  with  accumulation  of  powdery  detritus. 


Crickets  1 

Booklice  1 

Moths  9 

Beetles  S 

16 

2al5.  Fresh  potatoes. 

The  present  section  includes  primarily  fresh  white 
potatoes,  but  a  few  insects  known  to  infest  stored  fresh  sweet 
potatoes  are  also  included.  Of  these  the  most  frequent  is  a  true 
weevil,  Cylas  formlcarlus.  The  moths  listed  are,  for  the  most  part, 
pests  of  growing  white  potatoes  which  carry  over  into  storage.  Beetles 
on  the  other  hand  are  about  equally  divided  between  rather  general 
feeders  and  wood-boring  types  which  have  abandoned  wood  }.n  favor  of 
softer  materials.  It  is  Quite  certain  that  the  presence  of  moldy  or 
rotten  potatoes  would  serve  to  attract  Insects  end  mites. 


Moths 

Beetles 

Flies 

Mites 


2al6.  Solces,  condiments,  etc. 

The  substances  Included  in  this  section  are  of 
extremely  varied  nature;  seeds,  roots,  leaves,  some  dried  an^  ground 
others  preserved  in  various  ways  and  as  a  consequence  the  insects 
associated  with  them  are  also  extremely  diverse.  However,  they  fall 
on  the  whole  into  two  main  groups;  those  which  are  able  to  attack 
dried  plant  materials  or  seeds  and  a  smaller  group  which  is  attracted 
to  moist  preserved  mater lols,  sometimes  due  to  the  presence  of  alcohol. 
A  good  many  spices  contain  sterch,  aither  naturally  or  as  an  addition, 
and  this  helps  in  making  them  available  to  seed-eating  insects. 


Roaches 

Earwigs 

MothB 

Beetles 

Flies 

Mites 
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2al/.  Oils,  fats,  waxes,  edible  or  inedible. 

In  general,  oils  and  fats  are  not  much  attacked  by 
insects.  This  is,  in  part,  purely  physical.  The  insects  tend  to  be 
trapped  by  the  material  if  they  do  not  actually  avoid  it  because  of 
its  softness.  However,  there  are  a  few  insects  that  are  specifically 
attracted  by  animal  fpts.  These  are  the  clerid  beetles  and  the  ants 
which  are  listed. 

Undoubtedly  one  could  secure  a.  considerable  series 
of  insect  remains  from  fats.  I  have  myself  seen  saw-toothed  strain 
beetle  bodies  in  a  sample  of  commercial  hydrogenated  cooking  oil, 
but  so  far  as  I  could  determine  all  of  the  specimens  ^ere  de»d  and 
had  not  been  actually  feeding  on  the  material, 

Silverflsh 
Roaches 
Moths 
Beetles 
Flies 
Ants 
Mites 


2alg.  Dried  eggs. 

It  is  surprising  that  there  Bhould  be  only  two  insects 
recorded  from  dried  eggs,  but  it  is  not  surprising  to  find  that  those 
t*o  are,  to  a  large  extent,  feeders  upon  dried  protein  substances.  In 
ray  laboratory  it  was  observed  that  the  confused  flour  beetle  would 
feed,  at  least  to  some  extent,  on  egg  powder  and  I  have  no  doubt  that 
many  other  Insects  will  do  so  when  the  material  is  available  to  them. 

2«19.  Dried  milk. 

The  few  insects  associated  with  dried  milk  fall  into 
two  groups.  First  the  beetles  which  are,  with  one  exception,  protein 
feeders  and  have  been  found  in  connection  with  the  finished  product. 
Second,  the  flies  which  have  been  recorded  from  plants  producing  dried 
milk.  It  is  not  certain  that  they  would  feed  on  the  finished  product 
although  their  remains  night  easily  be  found  in  it. 

Beetles  5 

Flies 


2a20.  Cheese. 

The  insects  attacking  cheese  are  in  certain  respects 
very  similar  to  those  attacking  dried  neat.  The  two  important  groups 
ore  the  protein  feeding  clerid  and  dermestid  beetles  and  g  species 
of  mites.  The  latter  are  probably  associated  with  the  molds  used  in 
the  manufacture  of  cheese.  Among  the  flies  we  may  mention  the  cheese 
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skipper  *”hich  has  long  been  known  as  a  nest  of  cheeses.  It  win 
ceuse  a  certain  amount  of  damage  to  the  surface  of  the  cheese  although 
It  does  not:  penetrate  Into  It  very  deeply.  The  tyne  of  damage  done 
by  cheese  insects  is  similar  to  that  caused  to  dried  meat,  and  cheese 
may  sometimes  be  reconditioned,  by  trimming.  On  the  whole  it  should 
be  protected  from  the  eggs  of  the  insects  by  storage  in  tight  containers 
or  in  thoroughly  screened  rooms.  That  is,  it  should  be  handled  with 
the  s-rnp  o retentions  that  would  be  used  in  handling  rae*>t. 


It  may  be  noted  ns  an  oddity  that  in  one  part  of 
Germany  a  special  mite  cheese  is  produced  and  apparently  both  the 
cheese  and  dead  and  living  mites  are  e*ten  without  ill  effects. 


Roaches 

1 

Beetles 

10 

Flic  8 

3 

Mite  s 

i 

& 

2a21,  Chocolate 


In  suite  of  the  rather  large  number  of  Insects  that 
infest  cacao  only  n  relatively  small  number  have  been  found  infesting 
prepared  chocolate.  It  is  by  no  means  out  of  the  question  that 
prepared  chocolate  is  too  oily  a  material  to  attract  n*ny  of  the  food 
insects.  On  the  other  hand  powdered  chocolate  is  occasionally  seen 
infested  with  the  Indian  meal  moth. 


It  has  been  pointed  out  that  candles  containing  nut 
meats  "re  not  subject  to  infestation  by  moths,  while  the  chocolate 
coating  is  fresh,  but  when  it  becomes  somewhat  stale  the  moths  start 
to  work  on  it.  This  may  be  a  natter  of  the  physical  state  of  the 
coating. 


Moth  8  5 

Beetles  5 

10 

2b.  Equipment  and  supplies  and  their  raw  materials. 

_  *  hav«  Included  under  this  heading,  in  general,  ell  those 

items  which  a  soldier  would  carry  with  him  except  food,  but  Including 
most  of  the  materials  used  for  food,  packaging.  In  other  words 
textiles  of  all  kinds,  leather,  "rtf  other  similar  animal  products 
paper  and  similar  materials,  rubber,  and  a  few  nlnor  items  0Uch 
pastes  and  finishes  so  far  as  they  could  be  separated  from  the 
materials  on  which  they .are  used.  I  have  postponed  to  heading  2c 
all  consideration  of  metals,  in  suite  of  the  fact  that  they  havS~some 
vogue  in  food  packaging,  J 

2bl,  Textiles  and  other  materials  from  natural  cellulose 

fibres. 


In  this  subgroup  are  included,  so  far  as  possible, 
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all  materials  in  which  natural  cellulose  fibres  appear  as  such.  It 
should  be  pointed  out  that  this  subrroun  includes,  in  effect,  all  of 
the  plant  fibres.  It  is  not  important  whether  they  are  seed’halrs 
or  bast  fibres. 

We  may  divide  the  relation  of  insects  to  textiles 
into  3  major  parts: 

a.  Attack  upon  the  fibre  material  Itself  where  it 
serves  as  actual  food  for  the  organisms. 

b.  Primary  attack  on  the  sizes  and  finishing  substances 
which,  in  many  cases,  leads  to  more  or  less  severe  damage 

to  the  fibres.  I  regret  that  we  cannot,  in  all  cases,  make 
a  complete  separation  between  primary  attack  on  fibres  and 
primary  attack  on  finishes. 

c.  A  rather  numerous  group  of  instances  in  which  cloth 
or  fibre  is  damaged  without  any  part  of  it  serving  as  food 

to  the  Insect.  This  involves  perforation  of  cloth  either  to 
secure  access  to  food  or  to  escape  from  a  container  and  in 
several  instances  the  use  of  the  damaged  cloth  purely  as  a 
shelter. 


It  must  be  noted  here,  as  well  as  in  some  of  the 
subsequent  sections,  that  cloth  which  is  soiled  with  materials  of 
animal  origin  may  be  damaged  on  that  account  when  clean  cloth  of  the 
same  kind  would. not  be  touched.  It  will  rerhnos  be  most  useful  to 
consider  the  significance  of  each  of  the  orders  of  insects  listed  in 
the  table  below. 


The  sllverflsh  apparently  attack  cloth  only  to  obtain 
some  sort  of  added  substance,  frequently  finishing  material.  They 
are  undoubtedly  led  to  do  this  because  they  ordinarily  feed  by 
scraping  and  the  thinness  of  the  layer  is  no  deterrent.  This  may 
continue  to  the  point  where  fibre  damage  is  done. 

Crickets  and  their  relations  apparently  attack  soiled 
cloth  but  not,  as  a  rule,  clean  cloth.  The  exception  is  one  species 
of  Qryllacrls.  The  detail  of  this  attack  ”'111  be  found  in  section 


Roaches  apparently  resemble  sllverflsh  very  strongly 
in  their  attack.  It  is  oulte  familiar  to  librarians  that  roaches 
attack  bindings  of  books,  rasping  away  the  surface  which  is  heavily 
sized. 


So  far  as  I  can  laarn  damage  to  cloth  by  the  European 
earwig  resembles  that  of  crickets. 

It  is  most  remarkable  that  there  seem  to  be  in  the 
literature  only  two  species  of  termites  actually  reported  to  damage 
textiles.  This  i 8  probably  because  the  whole  emphasis  in  the  study 
of  termite  damage  has  been  placed  on  timbers.  I  have  no  doubt  at  all 
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that  runny  species  of  termites,  In  ench  of  the  known  families  -ould 
do  serious  damage  to  textiles  If  oooortunlty  offered.  I  myself  had 
no  difficulty  In  securing  such  danage  In  the  laboratory  by  the 
eastern  subterranean  termite  and  have  seen  a  few  enses  In  the  field 
where  the  snne  species  he.d  attacked  cloth  on  the  ground*  I  would 
essume,  however,  th«t  damage  by  dry  wood  termites,  from  the  nature  of 
their  habits,  would  be  relatively  unimoortant . 

The  6  sriecles  of  caddis-worms  Included  are  known  in 
northern  Europe  to  cause  more  or  less  serious  damage  to  the  nets  of 
fishermen.  Naturally  this  damage  occurs  only  to  nets  submerged  in 
fresh  we  ter.  Damage  by  the  next  t'-o  orders,  moths  an^  beetles,  is 
normally  of  the  tyre  referred  to  under  c  ebove,  but  in  some  cases  at 
lenst,  nay  be  due  to  soiling  of  the  cloth  by  some  attractive  material. 

The  one  Instance  of  fly  damage  is  certainly  almost 
completely  accidental. 

The  ants  listed  attack  a  great  variety. of  materials 
many  of  which  are  completely  inedible  to  them  and  I  suspect  in  many 
lnst-nc’s  the  ,-ttnclt:  Is  In  the  nnt-ire  of  nn  exolomtlon.  They  sre  lea 
to  believe  that  there  is  food  on  the  other  side  of  the  cloth. 

We  must  not  overlook  the  well  known  fact  that  clothes 
of  cellulose  fibre  or  of  reconstituted  cellulose  are  occasionally, 
attsekedby clothes  moths  and  other  feeders  on  wool,  when  they  are 
adjacent  to  wool  or  because  the  cloth  Is  mixed  cellulose  and  w0ol. 

Such  attack,  however,  does  not  seen  to  be  Invariable  and  there. are 
some  cases  on  record  in  which  the  lneects  took  great  care  to  select 
the  edible  wool  fibres  and  leave  the  inedible  cellulose  behind, 

Silverfish  3 

Roaches  and  Crickets  b  *■ 

Earwigs  1 

Termites  2 

Caddis-worms  6 

Moth 8  2 

Beetles  9 

Flies  1 

Ant  8  _5. 


As  an  aid  to  diagnosis  of  damage  I  include  a  table 
hv  Dr  Hnrvev  L.  Sweetman  of  Massachusetts  State  College  which  will 
give  some  clue  to  the  Insects  which  may  be  involved.  Termite  damage 
can  be  normally  diagnosed  by  the  methods  given  beyond  unc.er  wood. 

1  Threads  snaggedt  oulled,  loooed. ,  or  broken*  if 
broken,  ends  tapered  or  frayed.  One  or  several 
threads  injured,  with  no  trace  of  Injury  to 

neighboring  threads. . . . Mechanical  injury 

Not  as  above . . . 


2.  Round  or  irregular  holes  thpt  partially  or 

completely  penetrate  the  fabric;  surface  or 

ends  of  Individual  threads  charred . Burns 

Not  r s  above . 3 

3.  Tubes  and  cases  of  silk,  or  burrows  lined  with 

silk  In  or  on  fabric . ^ 

No  traces  of  silk  In  or  on  fabric . 6 


4.  Portable  silk  cases  usually  containing  larvae 

on  fabric;  empty  cases  usually  sone  distance 
above  Injured  fabric.  Fabric,  unless  loosely 
woven  and  thick,  Injured  on  surface  only;  If 
loosely  woven,  cases  nay  be  In  fabric 

. Cnsebearlng  clothes  noth 

Attached  silk  tubes  and  webs  on  or  In 
fabric  .  5 

5.  Attached  silk  tubes  and  webs  on  fabric; 

largely  surface  Injury;  tubes  nay 

enter  thick,  loosely  woven  fabrics  ....  Webbing  clothes  noth 
Silk  lined  burrows  In  fabric;  sone 
attached  tubes  on  surface;  occasional 

loose  portpble  tubes  on  fabric . Tapestry  noth 

6.  Large  Irregular  holes,  3/&  ?n  Inch  or 

more  In  dianeter,  penetrating  fabric; 

only  slight  surface  Injury  . .  f  7 

Holes  snail;  mostly  surface  Injury, 
often  penetrating  fabric  .  ° 

7.  Irregular  areas  eaten  away  largely 

from  edges  of  fabric  .  House  cricket 

Irregular  holes  eaten  through  any 
exposed  portion  of  fabric . Field  crickets  and  roaches 

g.  Minute  scales  on  Injured  fabric; 

not  readily  visible  to  naked  eye  .  Sllverflsh 

Not  scales  on  fabric  Brass  and  carnet  beetles 

2b2.  Pap^r  and  books. 

Although  the  list  of  species  here  is  a  little 
different  fron  that  given  under  the  preceding  subgroup,  the  relatione 
of  the  organisms  to  the  material  ere  essentially  the  sane  snd  so  we 
will  say  rather  little  about  those  groups  which  have  already  b^en 
taken  up.  We  nay,  however,  again  emphasize  the  small  number  of  actual 
termite  records  In  comparison  with  the  undoubted  ability  of  that  group 
to  attack  paper.  My  o«’n  observations  show  that  the  eastern  sub¬ 
terranean  termite  can  attack  not  only  paper  and  fibre  board,  but  In 
the  laboratory,  In  any  event,  vegetable  parchment. 

The  two  bookllce  listed  probably  are  Interested 
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sizing*^  ln  nolds  n'hlch  nRy  £ror  °n  starch  paste  or  other  similar 


«.  u  ,  cannot,  at  this  point,  refrain  from  saying  a  word 

^  nSi  Flret?  there  ls  no  G”ch  thlnK  *»  book-orr.?  It 

Is  merely  one  of  several  species  of  snobild  grubs  and  so  far  as  I 

know  none  of  them  are  appreciably  concerned  with  the  cellulose  ±n  the 

thpebiokUt  ?r,  rf  on.  the  ”P8tes  »nd  pities  used  ln  the  binding  of 

to'the  bindlL.1  fSlrly  °h«raeterlBtlo  thet  Sflnape  Is  nost  merked  close 


,  It:  has  bften  observed  that  there  ls  less  Insect  attack 
generally,  on  those  papers  which  contain  a  large  share  of  mechanical 

?v?lD'  18  nssunad  that  thi8  ls  ^ue  to  the  lesser  degradation  of 
the  cellulose  ln  such  puIps. 


Silverflsh  5 
Roaches  and  crickets  g 
Termites  4 
Booklice  2 
Moths  4 
Beetles  2R 


Ws 


**,**+„«  Us  l  sive  here»  t0  asslat  diagnosis,  another  key  by 
Dr  ^eetnan  which  covers,  as  far  as  Possible,  paper,  book  bindings 

c«i1^hflneiPnd  Slnlvnr  materlals»  Unless  the  insects  responsible  '  * 

themselves  be  obtained  the  diagnosis  is  freouently  quite  uncertain. 


1. 


2. 


Smooth  holes  or  burrows  chewed  or 

eaten  ln  materials .  # 

Irregular  holes;  surface  or  edge 
feeding  or  chewing . . 

More  or  less  round  or  elliptical  holes  or 
burrow 8  of  variable  size  frequently 
reaching  the  surface  exposing  openings; 
small  bits  of  chewed  material  ln  burrows 
or  near  holes;  no  excrement  and  earth 
cemented  together  lining  burrows.  Look 
f c r  continuation  of  burrows  in  surrounding 
wood.  Largely  accidental  Infestations  in 
paper,  etc . 

M-ny  burrows  lined  with  excrement  and  earth 
cemented  together;  seldom  or  never  reaching 
surface  and  exposing  openings;  burrows 
enter  soil  or  surrounding  woodwork  . 


,  2 
.  3 


Wood  borer 8 


Termites 


3.  Injury  largely  due  to  feeding  on  surface  . 
Injury  at  edges,  corners,  pnd  folds  .  .  .  . 
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4.  Minute  scales,  resembling  fish  scales 

on  injured  surface;  not  readily  visible 

to  naked  eye . Sllverflsh 

No  scales  on  surface  .  . . -? 


5.  Individual  tooth  m»rks  0.5  ram.  or  more 

vide  producing  irregularities  on  chewed 

ed^e;  tooth  marks  in  naira  . . g 

Mandible  marks  not  noticeable  to  naked 
eye  or  much  finer  then  above*  scratches 
fron  mandibles  next  to  chewed  edge 
frequently  visible  with  magnifies tion  . 

6.  Individual  tooth  marks  about  0.5  nra.  wj.de; 

fecal  collets  3  to  g  mm.  long.  .  .  .  . 

Individual  tooth  narks  about  1  mn.  wide; 
fecal  pellets  9  to  20  mm.  long  .  .  . 


t  Mice 
.  Rats 


7. 


Larger  fecal  pellets  2  to  4  nn.  long  . 

Larger  fecal  pellets  less  than 
2  mm.  long  . 


.  .  .  .  Larger  roaches 
(American,  Australian) 

*•••••••••  S 


S.  Larger  fecal  pellets  not  more  than 

1  2/5  mn.  or  lees  than  1  mm.  long  Smaller  roaches 

t  -  ^  .  (German,  banded) 

Larger  fecal  pellets  3/5  nm.  or  less 

in  length. . . . Silvorfish 


2b3.  Artificial  silk  and  rayon. 


There  are  comparatively  few  reports  of  damage  to 
these  materials  by  insects  under  natural  conditions,  although  experi¬ 
mentally  it  has  been  found  that  a  number  of  insects  will,  at *leagt 
perforate  rayon.  Most  of  the  damage  endears  to  be  due  to  sllverflsh 
and  here  it  seems  very  likely  that  the  finishing  material  are  what 
the  insects  are  actually  after.  However,  I  e^e  no  reason  to  doubt 
that  any  insect  which  will  perforate  cotton  cloth  will  also  be  able 
to  perforate  artificial  silk  and.  similarly  any  insect  which  feeds  on 
cellulose  should  be  able  to  derive  nourishment  from  these  synthetic 
fibres. 


Sllverflsh  4 
Crickets  2 
Moths  1 
B^tles  p 

9 


2b4.  Cellophane. 


This  material  has  Ven  but  little 
only  3  Insects  have  been  reported  as  damapinf?  it. 


investigated  and 
It  is  by  no  means 
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Impossible  that  the  smooth  surface  would  make  ljt  temporarily  resistant 
to  most  forms,  although  they  would  have.no  difficulty  at  the  efl«a  of 
the  sheets.  I  do  not  find  any  ascertainable  records  of  attack  on 
cellulose  acetate  or  on  ethyl  cellulose. 


Sllverflsh 

Beetles 


2b 5.  Wool,  fur,  and  feathers. 


1 

2 

3 


*  ,  'Te  £lnd  here>  as  is  often  the  case,  that  the  reports 

refer  to  a  variety  of  situations.  In  the  first  place,  we  have  clean  wOD 
°5*  w°°fjn  clotl1  and  prepared  fur  and  feathers  In  the  condition  In 
which  these  materials  *111  be  actually  used.  These  are  capable  of 

ni^vaCkedJ?y  a  considerable  variety  of  moths  mostly  related  to 
the  clothes  moths  and  oy  about  the  sane  number  of  beetles  of  the 
family  Dermegtidae  which  may  be  collectively  referred  to  as  carpet 
beetles.  Then  we  find  e  few  insects  capable  of  perforating  such 
materials  but  not  necessarily  attracted  to  them  as  food.  Lastly  a 
few  re corns  are  based  on  the  raw  wool,  In  which  presumably  the  ‘ 
attracolve  material  is  wool  grease  and  whatever  other  ore-anlc  sub- 
stances  which  may  be  enclosed  In  It  Is  very  orobnble  thnt  there 

exist  numerous  other  soocles  of  Insects  In  the  troolcs  which  nr» 
capable  of  attacking  wool  and  fur. 


Roaches  and  crickets  4 
Earwigs  1 
Booklice  1 
Hoths  23 
3eetles  31 
Flies  1 
Ants  1 
liites  1 
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o  „  ,  ,  As  en  eld  to  dlstrnosls  I  Include  another  of  Dr 

Sweetman's  keys. 


1. 


2. 


3ilk  threads,  tubes,  or  cases  in  fur; 
hairs  cut  at  or  near  base  exposing 
base  hide . . 

..  .  ’(S 

No  traces  of  silk  in  fur . 


•  •  •  •  #  Clothes  moths 
also  4  and  5  under  2bl) 

. . 


Skin  or  hide  badly  damaged  loosening 
and  freeing  patches  of  fur;  relatively 
small  amount  of  hair  cut  off  without 
injuring  hide 


Larder,  hide,  cadaver,  neat,  and  cabinet  baetles 


Skin  or  hide  not  at  nil  or  only  slightly 
damaged;  large  amounts  of  hair  cut  off 
at  base  near  skin,  or  tins  of  hairs 

cut  or  eaten  away . . 

3.  Hairs  cut  or  eaten  near  base  leaving 
hide  bare;  relatively  little  hide 

injury  •  .  *  .  *.....  .  Black  carnet  beetle 

Tins  of  hairs  cut  or  eaten  away  leaving 

uneven  surface  Anthrenus  species 

2b6.  Leather. 

Because  of  the  method  of  preparation  leather  Is  not 
especially  attractive  to  insects,  although  ’’’hen  greasy,  in  any  event 
some  do  make  use  of  it.  It  is  also  nerforable  by  at  l^nst  a  few 
species  that  do  not  use  it  for  food.  This  is  the  reason  for  the 
Inclusion  of  the  lesser  grain  borer. 

The  inclusion  of  the  big  termite  in  this  subgroup 
and  the  next  is  certainly  also  a  case  of  purely  accidental  attack  on 
a  non-food  material. 


Roaches  and  crickets  2 
Termites  1 
Moths  1 
Beetles  13 


17 

2b7.  Hides. 


Although  the  number  of  soecies  recorded  from  hid^s  Is 
not  remarkably  large  the  amount  of  damage  which  they  are  able  to  do 
Is  very  great.  The  two  chief  groups  of  Insects  attacking  hldeR  are 
certain  clothes  moths  mostly  of  tropical  types,  and  the  carnet  beetles 
and  l-rd-r  beetles.  Damage  from  the  l»tter  Is  extremely  freouant  In 
hides  of  tropical  or  south  tenrerpte  orlrln  and  the  insects  mav  easily 
spread  to  other  appropriate  materials  from  infested  hides.  Apparently 
the  only  good  protection  commercially  resides  in  careful  handling  and 
extremely  thorough  and  prompt  salting  of  the  hides.  The  damage  by 
beetles  consists  chiefly  In  burrow?  either  within  the  hide  or  Just 
above  It  in  the  hair  and  is,  therefore,  of  great  importance  In  the 
production  of  sheepskins  for  fur. 


Termites  1 

Moths  g 

Beatles  17 

Files  1 

27 


2b$.  True  silk. 

Fourteen  out  of  19  insects  on  the  list  are  beetles  and 
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eleven  of  those  are  hide  beetles  or  o^ro^t  beetles  or  other  numbers 
of  the  sene  family.  This,  of  course,  is  reasonable  in  v}ew  of  the 
composition  of  silk.  It  is  not  certain  that  nil  of  these  insects  can 
attack  processed  silk  and  a  few  are  specifically  recorded  for  raw 
silk.  The  cosebearing  clothes  notli  is  also  recorded.  The  remaining 
insects  are  distributed  among  5  orders,  one  species  each.  They  are 
firebr^t,  European  earlier,  the  American  fire  ant,  all  of  which  are 
destructive  to  a  great  variety  of  substances,  and  the  big  termite 
(M^stotermes  d^rwlnlensls) .  The  attack  by  this  termite  is  probably 
purely  Incidental 


It  must  not  be  overlooked  that  processed  silk  contains 
other  substances  than  silk  and  the  presence  of  sizes  or  finishes  nay 
be  the  determining  factor  in  attack  by  such  insects  as  the  firebrat 
»nd  the  fire  ant,  especially. 


Sllverfish  1 
Earwigs  1 
Termitps  1 
Moths  1 
Beetles  l4 
Ants  1 


I? 


2b9.  Natural  sconces. 


Natural  sponges  consist  of  a  material  which  is 
chemically  very  similar  to  silk.  However,  the  fibres  are  much  coarser 
and  seen,  on  the  ’"hole,  to  be  highly  resistant  to  Insect  attack. 
Appropriately  enough  the  insects  known  from  sponges  are  protein 
feeders. 


Beetles  4 

2bl0.  Starch,  pastes  and  finishes. 

Almost  all  the  damage  which  has  been  ascertained  to 
such  substances  le  caused  by  sllverfish  and  roaches,  and  it  must  be 
recalled  that  such  attack  very  frequently  entails  damage  to  the 
material  which  carries  the  finish,  although  such  material  may  be 
indigestible  to  the  Insect.  It  is  also  noteworthy  that  thpse  insects 
are  mostly  types  which  obtain  a  good  share  of  their  food  by  abrading 
it  from  surfaces.  The  diagnosis,  on  the  whole,  rests  on  the  damage  to 
underlying  naterial  and  for  this  and  the  two  following  sub- groups  I 
refer  back  to  the  keys  given  under  2bl  and  2b2. 

Sllverfish  4 

Roaches  4 

Beetles  1 
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2bll.  Glue  and  casein  castes  and  finishes 


f 


The  materials  here  considered  are  oroteins  and  hence 
more  attractive  to  insects  than  the  starches.  We,  therefore,  find 
included  not  only  s  sllverfish  and  a  roach  to  which  grouos  doubtless 
other  reore sentatives  will  be  added,  but  as  well  two  moths,  one  of  them 
a  well  known  clothes  noth,  and  several  beetles,  half  of  which  are  der- 
mestlds.  There  is  no  doubt  that  any  insect  capable  of  feeding  on  wool 
or  hides  would  attack  glue  or  casein  when  nossible. 


Sllverfish  1 
Roaches  1 
Booklice  1 
Moths  2 
Beetles  9 


2bl2.  Plastic  and  resin  pastes  and  finishes. 

The  information  available  for  this  subgrouo  is  very 
unsatisfactory.  It  does  seem  to  be  clear,  however,  that  ureaformaide- 
hyae  resins  are  not  known  to  be  subject  to  insect  attack,  but  the  people 
who  know  which  resins  are  attackable  have  proven  rather  reticent.  Mr'. 
Secrist  tells  ne  that  the  sllverfish  will  attack  casein  but  not  cesein- 
formaldehyde  resin. 

Sllverfish  1 

Beetles  1 

? 

2bl3.  Vegetable  Ivory. 

The  two  beetles  here  recorded  apparently  are  both 
associated  primarily  with  the  raw  nuts  but  are  Rble  to  carry  over  into 
the  manufactured  buttons. 

Beetles  2 

2bl4.  Rubber. 

Most  of  the  information  on  damage  to  rubber  is  based 
on  damage  to  electrical  equipment  and  it  seems  very  certain  that  the 
damage  is  not  in  any  way  connected  with  uslner  the  rubber,  as  such 
for  food.  ' 

One  ant,  Monomorlum  1? tlnode .  is  on  record  as  attack¬ 
ing  almost  all  articles  made  pf  rubber,  except  tires.  Unfortunately, 
the  most  comprehensive  article  on  insect  attack  on  rubber  has  not  yet 
been  received  in  this  country. 

Termites  2 

Beetles  1 

Ants  s 


I 
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2b  15.  Felt 


Hie  t^'O  available  records,  both  African,  seen  to 
Involve  only  the  penetration  of  the  felt  by  termites,  presumably  to 
pet  at  underlying  wood,  I  see  no  reason,  however,  why  felt  night  not 
be  attacked  by  .«  variety  of  wool-feeding  insects.  It  is  commonly  stated 
that  piano  felts  are  attacked  by  clothes  moths,  although  I  have  never 
seen  an  instance  of  it. 


Termites  2 

2bl6,  Photographic  emulsions. 

Only  one  record  is  available,  which  is  sllverflsh 
damage  from  Australia.  However,  I  see  no  reason  why  any  insect  which 
will  attack  rlue  or  casein  used  as  "  finish  should  not  occasionally 
attack  the  gelatin  of  Photographs. 

Silverfish  1 


2bl7.  Nylon. 

It  has  been  shown  experimentally  that  the  casebearing 
clc '  a  moth  can,  to  some  extent,  use  nylon  in  place  of  nrtural  proteins, 
altnough  it  is  not  known  to  attack  it  very  readily.  It  would  not, 
therefore,  be  surprising  if  other  protein  feeders  should  also  attack 
nylon.  The  list  of  species  given  under  true  silk  would  be  a  fairly 
gv_od  guide. 


Moth  s  1 

2c.  Materials  of  construction. 

I  here  include  the  materials  whose  primary  significance  is 
in  connection  with  the  construction  of  buildings  and  senl-permanent 
installations,  although  w0od  n"turnlly  has  a  great  variety  of  other 
uses*  The  metals  are  separately  taken  up  under  heading  2d, 

2cl.  ‘*ood  and  wood  products,  including  plywood. 

The  present  subgroup  is  intended  to  include  those 
wood  products  in  which  the  wood  has  not  been  broken  down  structurally 
or  chemically.  The  small  number  of  reports  of  insect  attack  on  ply¬ 
wood  doubtless  refer  to  older  types  in  which  the  binder  was  glue  or 
casein  and  the  wood  was  not  Impregnated.  Generally  speaking,  I  have 
confined  my  attention  to  those  insects  which  are  able  to  attack  wood 
that  is  sufficiently  seasoned  for  use,  I  have  included  some  records  of 
dpmpge  to  almost  green  wood  in  actual  use. 

It  is  extremely  difficult,  evidently,  to  draw  any  nne 
between  seasoned  and  unseasoned  wood.  The  insects,  as  a  whole,  do  not 
draw  any  such  distinction  and  we  may  even  find  th«t  an  insect,  for  an 
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examnle  the  locust  borer  ( Cyllene  roblnlae) .  annarently  only  initiates 
Its  attach  In  living  locust  but  has  be<>n  known  to  emerge  after  a  long 
time  from  aulte  thoroughly  seasoned  wood.  Some  f°w  insects,  as 
nointed  out  later  on,  resoond  definitely  to  the  nresence  of  bark  °nd 
are  not  concerned  with  the  state  of  seasoning.  It  is,  of  course, 
perfectly  obvious  that  snail  species  may  survive  much  of  the 
nrenaratlon  of  wood  without  injury.  Powder  most  beetles,  for  example, 
commonly  infest  logs  or  timbers  in  yards  end  I  have  seen  instances 
where  the  infestation  remained  alive  through  all  the  nrocesses  of 
nla.nlng  and  building  the  wood  into  a  house  and  the  adults  finally 
emerged  by  oerf orating  the  varnish  used  as  finish. 

Wood  is  attacked  by  animals  for  a  variety  of  reasons. 
In  the  first  nlace,  it  may  represent  food,  or  food  and  shelter.  In 
the  second  nlace,  it  may  represent  annarent  food.  This  is  true  of 
the  American  norcunine  which  win  attack  wood  that  has  been  soiled 
with  salt  or  grease,  nl though  I  am  sure  the  norcunine  derives  no 
annreeiable  nourishment  from  the  wood  itself,  unless  it  1b  very  green. 
In  the  third  nines,  wood  may  merely  represent  permanent  or  temporary 
shelter.  This  is  true  of  ants  and  bees,  although  the  wood  was  ns 
actually  feed  on  substances  in  the  wood.  A  considerable  number  of 
beetles  drill  shallow  holes  into  wood  for  the  purpose  of  puna t ion. 

It  must  not  be  supposed  that  all  of  the  Insects  whiph 
attack  wood  are  ennoble  of  utilizing  the  cellulose,  although  annarently 
they  all  use  carbohydrates  in  wood  primarily  rather  than  the  lignins. 

As  a  consequence  the  material  discarded  by  the  Insect  in  its  excrement 
may  be  extremely  bulky  because  only  relatively  small  amount b  of  h^nl- 
celluloses  have  been  abstracted.  In  section  le  I  have  riven  a 
classification  of  the  relations  of  insects  to  materials  infested.  We 
may  noint  out  here  thAt  the  insects  infesting  wood  fall  into  six 
grouns.  (l)  Permanent  nests,  termites,  many  beetles  and  ants;  (2) 
bark  Tv°st8,  many  beetles;  (3)  one  generation  nestB,  many  beetles  and 
some  wa go8 ;  (4)  secondary  nests  which  attack  "'oM  only  aftar  it  has 
been  damaged  in  some  other  way,  nay  V^tl^s,  a  few  ants,  some  roaches 
and  some  wpsos;  (5)  temnorary  nests,  enmenter  bees  Pnd  a  few  other 
wasns  whose  use  of  the  wood  as  a  nastlng  nlace  occunles  only  a  nart 
of  their  life  cycle;  (6)  accidental  nestB,  a  number  of  beetles  which 
may  use  other  materials  for  nunatlon  and  several  miscellaneous  insects. 
If  we  now  turn  to  the  orders  of  insects  which  have  b»en  renorted 
damaging  wood  we  find  two  crickets  among  the  Orthontera.  Tlv'se  are 
nrobably  both  accidental  ^ests. 

The  most  celebrated  of  all  the  grouns  attacking  wood 
are  the  termites.  In  section  3p4  will  be  found  the  necessary  account 
of  their  biology,  including  a  discussion  of  habitat  tynes,  but  we  may 
nolnt  out  th**t  the  distinction  of  habitat  tynes  denends  in  mart  on 
the  condition  of  the  wood.  Subterranean  termites,  for  ex^mnle,  being 
able  to  nerslBt  in  sufficiently  damn  wood  without  a  ground  connection 
*>nd  similarly  the  distinction  between  dry  wood  and  damn  wood  termites 
is  nrimnrlly  denendent  unon  the  moisture  content  of  the  wood. 

The  family  Kalotermltldae  characteristically  nroduces 
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excavations  of  fairly  United  extent  since  the  colonies  are  rather 
snail,  but  more  than  one  colony  may  occupy  the  sane  niece  of  wood. 

Each  exccvrtion  has  usually  one  or  more  external  openings  which  are 
normally  kept  blocked  but  which  are  opened  for  the  ejection  of  fecal 
pellets  and  for  the  escape  of  the  winged  forms.  Some  of  th°  srecles 
do  not  eject  the  pellets. 

The  two  families  Mastotermltidae  and  Rhlnoternltidae 
produce  very  extensive  workings  not  only  in  one  piece  of  wood,  but 
often  in  several  adjacent  pieces  so  that  we  ordinarily  assume,  in  the 
case  of  the  eastern  subterranean  termite,  that  all  damage  in  any  one 
building  is  due  to  a  single  colony. 

The  family  Termitidae  commonly  produces  a.n  external 
nest  constructed  of  paperlike  or  cementlike  material  and  from  this 
nest  passageways  run  into  the  wood.  It  appears  that  even  among  closely 
related  species  of  this  family  some  attack  wood  and  some  do  not. 

The  four  caddis-worms  included  are  known  to  burrow 
into  submerged  wood  in  fresh  water  in  Northern  Europe  and  th^re  is  one 
record  of  the  same  sort  of  damage  from  the  Great  Lakes, 

It  will  be  seen  from  the  statement  of  the  classifi¬ 
cation  of  wood-infesting  insects  Just  given  that  5  of  the  6  categories 
ere  occupied  wholly  or  in  part  by  beetles.  In  fact  one  can  scarcely 
make  any  useful  generalization  about  wood  infesting  beetles  since  they 
do  practically  anything  that  any  other  sort  of  insect  is  ablp  to  do. 

The  deathwetch  beatlas  (family  Anobildae)  ere  pertly 
permanent  nests  such  as  the  furniture  beetle,  partly  bark  nests,  for 
example  Ernoblus  mollis,  and  partly  nore  or  less  accidental  pests  as 
In  the  case  of  a  few  specie 8  which  have  mostly  gone  over  to  other 
food  materials.  The  false  powder  post  beetles  (Bostrichidae)  are,  on 
the  whole,  more  Important  particularly  in  the  tropics  thpn  the  dpath- 
wntch  beetles  rnd  a  large  proportion  of  the  snpcl°s  listed  are  perma¬ 
nent  nests.  Here  also  are  included  r  certain  number  of  species  chiefly 
in  the  genus  Dinode rus .  which  are  primarily  nests  of  bnnboo  but  will 
attack  wood  or  other  materials  stored  adjacent  to  bamboo. 

The  longhorned  beetles  or  round  headed  borers 
( Cerambycldae) .  Tills  immense  family  chiefly  comprises  beetles  boring 
into  living  trades  but  a  certain  number  of  species  have  been  able  to 
shift  end.  attack,  partly  or  wholly  seasoned  tfood  in  which  they  make 
rather  large  burrows. 

The  true  weevils  ( Curcul ionidae) ,  There  is  still  a 
certain  amount  of  mystery  surrounding  attack  on  wood  by  weevils.  We 
know  that  it  occurs  and  we  know  that  occasionally  the  damage  is 
serious,  but  we  are  by  no  means  certain  of  the  predisposing  causes. 

It  is  my  personal  opinion,  however,  that  wood  attacked  by  weevils  has 
already  been  damaged  by  decay  and  thst  we  are  dealing  here  with  a 
selection  of  species  which  have  adopted  decayed  wood  as  a  particular 
habitat. 


Powder  r>ost  beetles  (Lyctldae).  Host  of  the  repre¬ 
sentatives  of  this  family  attack  the  seasoned  sno  wood  of  broad 
leaved  trees.  Conor re  here  the  biological  remarks  in  3al0,  Because 
these  beetles  ere  snsll  they  are  relatively  easily  srread  in  commerce 
and  several  of  the  species  have  become  cosmopolitan,  n  phenomenon 
which  1 8  not  overly  common  anon#  wood  boring  insects.  They  are  capable 
of  doing  a  very  great  deal  of  damage,  partly  because  of  the  value  of 
the  wood  which  they  attack. 

The  family  Oedemeridee.  The  few  species  of  this 
family  recorded  from  wood  seen  always  to  occur  in  very  w0t  wood  and 
in  the  cage  of  the  Dutch  wharf  b^tle,  in  wood  within  g  fe„,  inches  ' 
of  se«  wflter.  They  are,  consequently,  to  be  expected  chiefly  in 
bridges  and  wharves. 

The  engraver  beetles  (families  Pletypodldae  and 
Scolytldae).  Although  these  two  families  differ  sonewhat  in  structure 
®nd  in  the  details  of  their  biology,  they  agree  at  le»st  in  utilizing 
their  bore  holes  in  wood  for  the  raising  of  fungi  uoon  which  the  young 
feed  end  characteristically,  therefore,  the  '^.11?  of  their  holes  are 
strined.  It  is  probable  that  none  of  these  species  can  initiate 
attack  in  thoroughly  seasoned  wood,  although  th«y  nay  do  so  in  partly 
seasoned  wood.  The  Scolytldae  arc  a  very  large  fnnily  most  of  whose 
members  do  no  damage  of  interest  to  us  since  they  work  mostly  between 
the  bark  and  the  cambium  or  within  the  lrtter  layer,  but  a  few  gnecies 
which  I  have  listed  produce  long  radial  burrows  and  c^n,  therefore 
weaken  the  timber.  Probably  in  all  oases  the  bark  must  be  ore  sent! 

The  bee 6  and  wasps  fall  into  3  of  the  classifications 
given  above,  Erlades,  Lithurgus,  Stigmus  and  the  carpenter  bees  being 
temporary  oests,  The  wood  wasps  (Slrex)  apparently  are  all  one- 
re  ne  ration  nests  which  actually  ui  e  the  w0od  for  food  and  the  ants 
are  permanent  nests  utilizing  the  wood  only  for  shelter. 

Each  of  the  agencies  injuring  wood  causes  a 
reasonably  distinct  effect.  The  ease  of  diagnosis  deoends  on  the 
extent  of  the  injury  and  whether  or  not  a  single  organism  is  involved. 
Numerous  sorts  of  animals,  for  examole,  npke  use  of  well- rotted  wood 
for  one  or  another  numose  but  are  not  abl«  to  use  sound  wood. 

Aside  from  mechanical  or  chemical  injury  to  wood  which 
may  be  caused  by  fire,  acid,  heating,  ate.,  it  wm  be  useful  to 
consider  briefly  the  effect  on  the  wood  of  the  action  of  the  following’ 
groups  of  organisms:  fungi,  teredos,  crustaceans,  insects,  and  rodents. 

Fungi  are  responsible  for  various  changes  in  wood 
which  range  from  discoloration  to  complete  breakdown  to  powder.  The 
loss  of  strength  in  wood  which  is  not  accompanied  by  the  obvious 
removal  of  substance  may  be  called  rot.  It  nay  be  safely  said  thet 
every  piece  of  wood  which  is  used  for  building  or  packaging  is  already 
Infected  by  fungi  capable  of  causing  rot.  Theee  fungi  nay  remain 
dormant  for  long  periods.  Exposed  to  favorable  conditions  of  warmth 
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*nd  moisture,  the  fungus  becomes  Active.  These  conditions  ere:  the 
presence  of  oxygen,  temperature  above  4o°F,  end  below  HR  F,  moisture 
ebove  ebout  20£.  Evidently  the  action  of  fungi  is  very  low  near 

these  limits. 


There  ere  only  two  effective  means  of  preventing 
decry  of  timber.  (1)  Keep  the  moisture  content  of  the  wood  below  the 
critical  level.  ‘(2)  Seal  the  timber  by  the  replication  of  hot 
creosote  under  pressure. 

Damage  due  to  teredos  occurs  only  in  wood  submerged 
in  sea  water  and  consists  of  long  gradually  enlarging,  circular 
burro,vs  which  ere  lined  Internally  by  a  deposit  of  lime.  It  Is 
commonly  stated  that  no  matter  how  closely  crowded  these  holps  may  be 
they  do  not  intersect. 

There  are  a  few  crustaceans,  rather  distant  relatives 
of  shrimps,  that  are  also  able  to  attach  wood  submerged  in  sea  w?tor. 
So  far  as  I  know  this  damage  consists  in  boring  shallow  holes  entering 
the  wood  at  a  slight  angle  to  the  surface.  The  damage  seems  always 
to  be  quite  superficial  extending  at  the  most  perhaps  1/4  inch  in 
from  the  surface.  As  the  injured  wood  breaks  away  the  borings 
continue  Inward. 


Insect  injury  involves  the  p*ting  away  of  portions 
of  the  wood  to  form  tunnels  or  cavities.  These  spaces  nay  be  cle^n. 
and  empty  or  filled  with  one  or  another  material.  The  various  main 
groups  of  wood  destroying  insects  nay  be  identified  from  their  work. 
I  give  first  a  key  which  has  been  modified  from  one  devised  by 
Dr.  E.  G.  Linsley  of  the  University  of  California  and  following  th»t 
a  few  notes  on  other  insect  damage  which  he  does  not  Include. 

1.  Colonial,  more  or  less  ant-like,  usually 
wingless  insects,  npklng  large  Irregular 
galleries  in  wood;  without  round  external 

openings . . 

Usually  solitary  Insects  naklng  tunnel- 
like  burrows;  often  with  circular  or 
oval  external  openings  .  ... 


2. 


Galleries  open,  clean,  without  frass  or 
pellets,  frequently  running  across  the 
grain . 

Galleries  often  rough,  lined  with 
excrement  or  pertly  filled  with 
excretal  pellets  or  a  plaster-like 
mixture  of  earth  and  excrement; 
usually  running  with  the  grain  .  .  .  . 


,  .  .  .  Carpenter  ants 
(And  a  few  other  ants) 


.  Termites 


3.  Large  round  burrows  from  3/S  -  5/^ 
inch  in  diameter  in  exposed,  wood; 
burrows  enter  at  right  angles  to 
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the  surface  then  turn  and  run  "1th  the 
grain;  burrows  partitioned  off  into 
cells  by  plugs  of  wood  powder  and  shreds. 


cells  containing  pollen  or  young  bees . Carpenter  bees 

Smaller  burrows  less  then  3 /g  inch  in 
diameter  without  partitions,  cells  or 
pollen  but  often  well  filled  with  frees 

or  a  mixture  of  frees  and  bellets . 4 


4.  Burrow's  jund  or  oval,  averaging  about 

1/4  inch  in  diameter,  tightly  osclced 

with  boring  frass,  ,  ,  . . .  e 

Burrow's  round  or  oval,  l/g  inch  or 
less  in  diameter . 7 

5.  Burrowg  usually  in. wood  of  broad 

leaved  trees,  especially  in  panels, 

plywood,  etc . .  Some  false  powder  post  beetles 

Burrows  in  coniferous  woods;  the 
larvae  in  the  burrows  are  elongated 
legless  grubs  about  an  inch  long, 
with  a  sham  point  near  the  tip  of 

the  abdomen.  Wood  wssps 

Burrows  usually  in  coniferous  woods, 
especially  in  studs  or  heavy  timbers, 
the  larvae  are  usually  legless  grubs, 
straight  and  with  a  point  near  the 

end  of  the  abdomen . £ 

6.  Burrows  usually  round  in  section,  wells 

without  minute  curved  grooves;  larvae 
straight  and  segments  behind  head 
rather  slightly  enlarged  so  that  the 
body  tapers  evenly  toward  the  rear  . 

Burrows  flattened  oval  in  section, 
wells  with  minute,  curved,  concentric 
grooves;  larvae  straight,  legless 
and  segments  Just  behind  the  head 
much  broadened  and  flattened  .... 

7.  Burrows  not  filled  with  frass, 

frequently  branched,  w*ne  stained, 

usually  black . .  .  . . .  Engraver  beetles 

Burrows  filled  with  frass  or  pellets, 
walls  usually  unstained . . . g 

&.  Burrows  1/16  inch  in  diameter,  filled 
with  fine,  flour-like  frass,  in  sap 

wood  of  broad  leaved  trees . Powder  post  beetles 

Burrows  up  to  1/g  Inch. in  diameter 
filled  with  tightly  packed  frass  or 

frass  and  pellets .  q 


Round-headed  borere 


Flat-headed  borers 
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9.  Burrow-s  winding  or  running  largely 

with  the  grain;  frees . somewhat  .  . 

adhesive  and  nostly  without 

rellets . False  nowdernost  bottles 

Burrow's  running  with  or  across  the.  .... 
grain  frequently  intersecting  and 

filled  nostly  with  loose  rellets  ......  Deathwatch  beetles 

The  work  of  the  true  weevils  consists,  in  the  few 
instances  which  I  have  seen,  of  ninute  burrows  running  largely  with 
the  grain,  enrty  with  somewhat  irregular  walls  more  or  less  roughened, 
rerhars  with  excrement.  As  far  as  I  know  the  burrows  of  oedemeria 
beetles  are  largely  ervoty  and  about  1/&  inch  in  diameter. 

The  nesting  burrows  of  various  solitary  wasns  resemble 
those  of  cerrenter  bees  but  are  on  a  much. smaller  scale.  The  cells 
at  the  ends  of  the  burrows  containing  either  more  or  less  dead  insects 
or  well  grown  grubs  or  runae  of  the  wagns.  Occasionally  this  habit 
of  storing  insects  in  the  cells  leads  to  an  allegation  that  the  stored 
insects  are  the  cause  of  the  damage. 

Wood  in.lury  due  to  rodents  is  characteristically 
recognized  by  the  mired’ tooth  marks.  The  individual  marks  will  vary 
in  width  from  about  1/20  of  an  inch  to  about  3/g  of  an  inch  and.  the 
damage  is  obviously  done  from  the  outside  of  the  niece. 


Crickets 

Termites 

Mayflies 

Caddisworns 

Beetles 

Bees  &  w<>st38 


4 

209 

25 

375 


Conro  board  and  wallboard. 


There  is  very  little  information  on  these  materials. 
About  all  one  can  spy  is  they  nil  be  attacked  by  termites  if  they 
contain  sufficient  unnoisoned  cellulose  and  thrt  almost  any  of  them 
if  soft  could  serve  for  the  Duration  of  beetles  or  could  be  perforated 
by  rnts.  The  diagnosis  would  follow  that  given  for  wood. 

2c3.  Concrete. 

I  have  no  detailed  information  on  the  few  records  of 
damage  to  concrete  which  are  in  the  literature.  However,  it  is  fairly 
well  ascertained  that  the  eastern  subterranean  termite  can  eventually 
renetrate  mortar*  which  contains  more  than  10$  of  lime  and  it  is  hisjilly 
rrobable  that  trorical  srecies  of  the  family  Bhlnotermltldae  with 
much  more  abundant  secretions  from  the  frontal  glands  should  be  able 
to  work  more  mnid.ly,  X  have  no  idea  how  the  one  recorded,  ant  attacks 
concrete  but  the  srecie9  in  question  has  remarkable  rowers  of 
renetrnting  unexrected  materials. 


4g 


Hats  are  also  able  to  gnaw  their  wry  through  concrete 
and  the  latest  recommendations  which  I  have  seen  on  ret  proofing  of 
outbuildings  coll  for  a  concrete  floor  at  least  4  Inches  thick. 

Termites  2 

Ants  1 

3 

2c4,  Asphalt. 

Very  few  insects  seem  able  to  penetrate  asphalt  or 
tar  at  all.  This  is  probably  due  to  its  physical  nature.  However, 
the  lead  cable  borer. has  been  recorded  as  penetrating  a  5-ply  built- 
up  asphalt  roof  and  2  African  termites  penetrating  felt  heavily 
impregnated  with  tar. 

2d.  Metals. 

I  have  attempted  to  include  here  such  records  as  are  availabl 
of  injury  to  metals  of  any  kind  by  insects.  It  may  be  said  at  the 
outset  that  we  have  no  evidence  that  insects  derive  any  nourishment 
from  metals  or  even  ingest  them.  They  are,  however,  able  to  perforate 
thin  ana  soft  metals. 

2dl.  Lead. 

Since  lead  is  the  softest  common  metpl  it  is  not 
surprising  that  a  fairly  long  list  of  insects  are  known  to  damage  it. 

In  some  cases  the  damage  is  due  to  perforation  by  beetles  or  bees 
attempting  to  emerge  from  wood  which  has  been  covered  with  lead.  In 
other  cases  lead  is  us^d  as  a  place  of  pupation  by  beetles  which  would 
ordinarily  bore  into  branches  or  other  wood.  Probably  most  termites 
damage  lead  only  "hen  they  encounter  it  in  the  course  of  making  their 
galleries.  I  am  told,  however,  that  in  ports  of  Australia  buried 
electrical  cables  are  seriously  damaged  by  termites  during  the  dry 
season,  apparently  because  of  condensation  of  moisture  near  the 
cables.  Lead  is  soft  enough  so  that  considerable  thicknesses  nay 
be  penetrated,  probably  a  quarter  of  an  inch  without  great  difficulty. 


Termites 

3 

Beetle  s 

27 

Bees,  ants 

wasps 

4 

3* 

2d2.  Aluminum. 

Three  moths  are  on  record  as  perforating  very  thin 
aluminum  sheets  or  foil.  Probably  many  other  insects  could  do  so 
if  they  come  in  contact  with  the  metal, 

Hot,hs  3 
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2d3.  Corner. 

The  two  beetles  known  to  damage  corner  are  both  note¬ 
worthy  for  their  ability  to  bore  Into  hard  substances,  and  apparently 
even  cooler  foil  Is  proof  against  attack  of  the  vast  majority  of 

Insects . 

Beetles  2 

2d4.  Tin. 

Tin  Is  sufficiently  soft  so  that  at  least  tinfoil 
of  unstated  actual  composition  has  been  perforated  by  several  insects. 

Moths  3 

Beetles  3 

Wood  wasos  1 


2d5,  Other  metals. 


an  old  one  from 
steel  plates  of 
this  record. 


The  only  actual  record  of  damage  to  other  metals  is 
Strasbourg  of  a  wood  wasp  penetrating  the  1/2  inch 
a  safe.  Personally,  I  greatly  Inclined  to  doubt 


The  larder  beetle  has  been  tested  against  several 
metals  and  it  was  found  thPt  while  it  could,  penetrate  lead  and  tin 
it  could  not  penetrate  zinc,  aluminum  or  brass.  The  main  ^hing  to 
be  learned  from  our  point  of  view  from  these  various  records  is  that 
lend  at  least  is  no  cure  for  damage  to  packages  by  Insects.  A 
reasonable  thickness  of  a  quite  hard  metal  is  necessary. 

2e.  Houses  and  storage  buildings,  etc. 


I  have  included  under  this  heading. a  large  number  of  Insects, 
some  of  them  accounted  for  elsewhere  under  specified  food  materials, 
but  m^ny  of  then  without  precise  food  records.  Although  one  could 
oxtirnd  the  Uet  nlnost  Indefinitely,  I  heve  tried  to 

those  Insects  whose  near  relatives  nr'5  known  to  cause  definite  damage, 
therefore,  reasonably  assune  th"t  any  Insects  which  npra^r 
list  will,  under  appropriate  conditions,  do  damage. 


We  may, 
only  in 


this 


Silverf lsh 

Crickets  &  roaches 

Earwigs 

Booklice 

Moths 

Beetles 

Flies 

Ant  8 

Mites 


50 


2f.  Miscellaneous. 


The  present  section  is  included,  largely  to  complete  the 
classification  of  the  available  records  of  the  activities  of  insects 
elsewhere  included  and  to  take  into  account  a  certain  number  of  sub¬ 
stances  of  relatively  little  importance  to  the  Quartermaster  Corns 
but  about  which  inquiry  might  be  made. 

2f  1 .  Drugs . 

I  have  not  attempted,  here  to  abstract  the  special 

literature  dealing  with  Insect  infestation  of  drugs,  but  merely  to 

bring  together  a  list  of  insects  that  were  encountered  in  connection 
with  other  materials.  It  must  be  kept  in  mind  that  all  of  these 
records  apply  to  galenical  drugs,  mostly  in  the  row  state.  The 
ability  of  insects  to  feed  on  such  drugs  ns  opium,  nux  vomica,  aloes, 
and  henbane,  has  long  been  a  source  of ' wonder,  although  it  is  perhaps 
scarcely  more  remarkable  than  the  ability  of  some  of  the  sane  Insects 
to  live  readily  on  a  diet  of  cayenne  pepper,  The  answer  seems  to  be 
that  the  Insects  in  fact  feed  largely  on  the  starches  present  and  do 
not  absorb  into  their  systems  the  alkaloids. 

Moths  1 

Beetles  lg 

Mites  1 

2f2.  Animal  substances. 

There  were  enough  records  of  unspecified  anlmnl 
materials  to  make  it  worth  while  to  bring  then  together.  The  only 
specified  materials  Included  here  wore  £end  insects  and  dung  and 
I  believe  that  every  Insect  listed  has  some  definite  food  assigned 
to  it  in  some  other  part  of  this  report. 


Sllverfish  1 

Earwigs  1 

Termites  1 

Bookllce  1 

Moths  7 

Beetles  37 

Flies  1 

Ant  8  6 

Mites  3 


2f3.  Plant  substances. 

This  subgroup  was  included  not  only  to  take  care  of 
unspecified  records  but  also  to  Include  the  insects  known  to  attack 
tobacco  and  derris.  The  latter,  as  is  well  known,  is  the  source  of 
rotenone,  one  of  the  most  potent  insecticides  of  plant  origin.  It 
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is  of  interest  to  an  entomologist  that  stored  derris  root 

should  be  attacked  by  a  respectable  number  of  Insects.  An  added 
reason  for  including  this  subgroup  was  that  it  gives  a  little  clearer 
picture  cf  the  potentlon  abilities  of  e  considerable  number  of  soecies 
which  we  have  ordinarily  considered  to  possess  quite  limited  choice 
in  foods. 


Sllverfish 

Termites 

Bookllce 

Moths 

Beetles 

Flies 

Ants 

Mites 


?f4.  Miscellaneous. 

The  contents  of  this  subgroup  is  sufficiently 
Indicated  by  the  notes  which  have  been  added  after  the  several  species. 


Termites  1 

Moths  1 

Beetles  1 

Flies  2 

Ants  5 

Mites  1. 


ir 
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Figure  3:  Diagram  of  the  exca¬ 
vations  made  by  two  colonies  of 
the  common  dry  wood  termite.  The 
lines  ab  and  cd  represent  the 
routes  of  entry.  The  two  colonies 
are  not  Interconnected. 


a 


Figure  4:  Diagram  of  the  excavations  of  a  oowder  coat 
termite  In  a  table  top.  The  oolonltlng  nalr  entered 
at  a,  fecal  oellets  are  ejected  at  b,  and  have  accumu¬ 
lated  In  the  drawer  to  form  the  olle  marked  c. 


& 

'}>ti 

% 


Figure  5:  Diagram  of  the  neat  and  working*  of 
Coptotermea  fortnoeanue.  The  nest  Is  In  the  bottom 
of  the  poet  at  the  left.  The  post  haa  been  partly 
excavated  and  runways  extended  to  the  foundation  of 
the  buildings  at  the  right  and  covered  galleries  up 
both  aides  of  the  foundation  to  the  wood  above. 


Figure  6:  Damage  by  Coototermes  to  a  book. 
Many  live  termites  are  shown  together  with 

frass. 


* 


Figure  7:  Work  of  a  subterranean  termite  In 
the  sill  of  a  house  In  California.  The  section 
above  shows  how  the  galleries  follow  the  annual 
j  rings.  The  surface  view  below  shows  the 

galleries  and  plaster  used  to  seal  the  wood 
fast  to  the  ground. 


Figure  S:  Damage  to  a  stored  corru¬ 
gated  tiasteboard  box  by  subterranean 
termites . 
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Figure  9:  Ear  of  corn  showing  the 
characteristic  loose  webbing  left  by  the 
caterpillars  of  the  Indlan-raeal  noth. 

This  moth  rarely  attacks  sound  grain, 
but,  as  Is  shown  here,  frequently  attacks 
grains  already  ln.lured  by  other  grain 
r>e9ts.  Such  webbing  as  Is  here  shown 
develops  only  when  corn  and  other  grains 
are  left  undisturbed  for  some  time. 
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Figure  14;  Mountain  carpenter 
center  are  two  adult*.  At  the 
burrow*.  This  small  carpenter 
1/2  Inch  long. 


bee.  In  the 
side*  the  nest 
bee  Is  only  about 
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Figure  15 


Figure  16 


3.  SYSTEMATIC  DISCUSSION  OF  THE  ANIMALS 


In  this  section  the  organisms  considered  ai*e  arranged  In  whet  a 
biologist  considers  systematic  order*  This  means  UhMt  those  forms 
most  nearly  related  structurally  are  gathered  into  categories  whose  ' 
rank  defends  on  the  nearness  of  relation  of  the  contained  categories. 
It  Is  not  my  purpose  to  give  a  lengthy  account  of  systenatlcs,  however 
we  nay  point  out  that  the  four  groups.  designated  by  letters  in  the 
table  of  contents  represent  three  of  the  primary  divisions  of  the 
animal  kingdom. 


1.  The  Arthropoda. 

This  division  (ohylum)  includes  insects,  solders  and 
their  relatives,  crabs,  lobsters,  centipedes,  and  thousand-legged  worms 
as  mell  as  many  lesser  known  animals.  It  is  the  largest  major  group  in 
the  animal  kingdom,  comprising  some  650,000  kinds  of  animals,  or  about 
3/4-  of  all  the  known  specie c. 

2.  The  Mollusca. 

This  division  includes  oyster.  ,  clams,  snails,  slugs, 
we  are  concerned  only  with  the  moderate  number  of  species  of  teredos 
or  ship  worms  which  are  really  peculiar  clans. 

3.  The  Chordata. 


This  division  includes  all  those  animals  having  back¬ 
bones  and  some  closely  related  forms. 

Each  of  these  divisions  is  divided  into  smaller  groups  called 
classes.  In  the  arthropods  we  consider  some  of  the  class  of  insects 
and  one  part  of  the  class  of  arachnids. 


In  the  mollusk8  *e  consider  one  small  part  of  the  class  of  clans 
and  in  the  chordates  part  of  the  class  of  raanaals. 

Each  cl° 8 s  is  in  turn  divided  into  orders.  Among  the  insects 
we  take  account  of  representatives  of  12  of  the  orders. 


Each  order  in  its  turn  Includes  one  or  more  families.  I  have 
not  invariably  used  the  family  as  a  category  in  the  discussion.  In 
some  instances  too  few  families  are  involved;  in  others  the  possibility 
of  distinguishing  the  families  readily  is  extremely  low  so  that  I  have 
only  used  this  category  where  it  offered  some  actual  advantage  to  do 
so.  The  ending  — ldae  is  used  as  the  means  of  distinguishing  the  familv 
names  from  those  of  other  categories.  y 


It  win  be  seen  on  referring  to  the  appendix  that  the  name  of 
an  Insect  consists  of  two  parts.  The  first,  written  with  a  capital 
letter,  is  the  name  of  the  genus  or  small  group  to  which  the  species 
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belongs.  The  second,  written  elways  with  a  snail  letter,  is  that  of  the 
species  which  Is  the  individual  entity  with  which  we  are  concerned 
Each  species  is  al-ays  designated  by  the  two  names  together? In  a 
cases,  especially  among  the  ants,  additional  nam°s  ere  used  which  are 
those  of  categories  below  the  rank  of  soecles.  In  some  cases  a  Sene^ic 
name  is  followed  by  the  abbreviation  so.  or  in  the  plural  spo  This 

the  "genus  ^de signs ted?lln^  ^  UnnaR3ed  °r  Unldentlfled  in 

rouh^v%s\nncsr8rrh\ien  u^rcre' 

SSE'S, *«?:«♦?$?  Index  wlli  enable  one  *<>  o°"«»ot  tho «e  cowlon  mne e 
with  the  scientific  names.  However,  I  have  strictly  refrained  from 

coining  common  names,  Generally  sneaking,  I  give  preference  to  the 
names  as  used  in  this  country  where  the  Snglifh  use  dif?e?ent  common 
names  and  in  addition  have  followed  in  almost  all  instances  the  official 
list  of  common  names  published  by  the  American  Association  of  Economic 
entomologists.  ^ 

3«.  Insecta  -  the  Insects. 

3*1 •  The  order  Thysanura  -  brlstletails,  sllverflsh. 

*.  .  .  .  The  insects  of  this  order’are  completely  wineless 

bro7n.or  notti!d»  nnd  8CRly-  antennae  are  long! 

thread-like,  many  Jointed.  The  hind  end  of  the  body  is  provided  with 

3  long,  very  slender,  and  nsny-Jolnted  tails.  There  is  no  evident 
me  taraorphosl s • 

There  is  still  considerable  debate  about  the  true 
food  of  the  sllverflshes,  but  they  have  been  recorded  as  doing  damage 
J?  *  nnI}y  hinds  of  materials,  especially  those  containing  starch 

or  protein,  hence,  they  attack  the  sizing  of  paper  or  cloth  and  the 
glue  of  book  bindings.  In  so  doing  they  npy  do  damage  to  the  under¬ 
lying  cloth  or  paper,  and  this  damage  is  sometimes  quite  evident. 

„  .  .  ..  .  Sllverflsh  require  rather  warm  conditions  and  hence 

outside  the  tropics  are  not  generally  found  out-of-doors.  They  also 
require  «  rather  high  degree  of  moisture.  They  nay  be  exoeoted  to 
live  in  the  vicinity  of  stoves  and  sinks  and  particularly  around  bake 
ovens.  They  are  decidedly  nocturnal  and  generally  prefer  to  snend  the 
day  in  crevices. 

As  has  been  Indicated  sllverflsh  are  to  be  expected 
primarily  in  the  tropics  and  3  or  4  species  have  become,  through 
commerce,  virtually  world  wide.  One  or  two  more  are  distributed 
throughout  the  tropics  but  not  in  temperate  regions. 

the  minute  spaces  in  which  the  Thysanura  are 
able  to  live  their  control  by  constructional  methods  is  generally 
impractical.  Fortunately  they  take  poison  baits  based  on  starchy 
materials  very  readily,  and  formulae  for  appropriate  bolts  are  appended. 


5^ 


Leolsma  seech*1 rlne  -  U.  S.i  silverfish,  fishnoth 


There  nre  two  well-known  members  of  the  present  order.  One  of 
these  Is  the  erodes  named  above,  a  shiny  gray  animal  about  1/2  Inch 
long  not  counting  the  toils,  which  freauently  appears  in  both  tubs. 

The  upper  surface  of  the  insect  is  scaly,  but  the  scales  rub  off  very 
easily.  It  runs  with  very  great  rapidity.  The  silverfish  is  cosmo¬ 
politan  but  outside  of  the  tropics  occurs  only  in  dwellings,  since  it 
does  best  at  a  temperature  of  about  SO°F  and  prefers  a  nearly  saturated 
atmosphere.  It,  therefore,  tends  to  stay  around  water  and  this  ac¬ 
counts  for  it?  being  found  in  bath  tubs. 

This  insect  is  known  to  feed  on  a  considerable  variety  of  starchy 
materials,  such  as  wallpaper  pastes,  glazed  paper,  cereals,  and 
miscellaneous  dried  plant  materials,  but  it  also  feeds  on  protein 
containing  substances  such  as  protein-sized  paper  and  freshly  dried 
beef.  It  is  now  generally  held  that  it  requires  some  protein  in  its 
diet.  In  addition,  it  win  nttack  cellophane,  nylon,  and  cloth  sized 
with  some  of  the  synthetic  resins  but  not  as  far  as  can  be  learned 
those  containing  formaldehyde. 

The  Insect  is  readily  killed  at  9S°F  "nd  at  32°F. 

Themobla  done 8 1 lea  -  U.  3.:  flrebrat. 

The  flrebrat  looks  and  acts  very  much  like  the  silverfish.  It 
16  however,  marked  with  brown  cross  bands  which  are  quite  conspicuous 
if’ the  scales  hftve  not  been  rubbed  off.  Its  very  habits  are  very  much 
those  of  the  silverfish,  but  it  reouires  still  higher  temperatures  and 
does  not  necessarily  require  ns  high  humidity.  The  optinun  temperature 
is  about  9g°F  (about  tho  highest  on  record  for  any  post  Insect)  -nd  it 
may  develop  at  humidities  as  low  a s  4g^, 

The  food  habits  of  this  species  are  similar  to  those  preceding. 

It  seems,  to  have  a  rather  special  liking  for  rayon  which  is  probably 
a  ouestlon  of  the  sizing  used,  and  it  has  been  noted  that  rayon  con¬ 
taining  sulohonated  compounds  is  not  very  attractive. 

The  development  of  these  ^nlmals  is  rather  slow  ana  there  are 
numerous  molts,  They  are  killed  at  J2°F  and  about  130°F. 

3«2.  The  order  Orthoctera  -  crickets,  grasshoppers, 

and  roaches. 

In  this  order  the  antennae  '’re  many  Jointed, ,  often 
long  and  thread-like.  The  hind  end  of  the  body  is  provided  with  t«’o 
short  or  moderate  tails,  usually  these  are  vt?ry .  inconspicuous .  The 
females  of  many  species  have  at  the  hind  end  of  the  body  «  conspicuous 
egg-laying  organism,  sword  shaped  or  awl  shaped.  The  wj.ngs  "hen 
developed  consist  of  a  relatively  narrow  front  pair  which  is  freouently 
of  firmer  texture  thpn  the  hind,  pair  and  a  broad  hind  pair  which  when 
closed  is  folded  like  a  fan.  However,  reduce  n  or  lack  of  wingB  i8 
by  no  means  uncommon  in  adults.  The  netanorohe sis  is  slight.  The 
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Figure  17:  The  fire 
brat.  About  twice 
life  size. 


Figure  IS:  The  house 
cricket.  Male  on  the 
left;  female  In  side 
view  on  the  rlsrht.  The 
photographs  are  about 
natural  size. 


Figure  19*.  German  roach,  a  to  <5  are 
stages  In  Its  growth;  e ,  f  &  h  are 

adults;  g  la  an  egg  case.  Another  Figure  20:  European 

can  be  seen  protruding  from  the  female  earwig  (Forflcula 

In  f.  The  figures  are  natural  size  aurlcularla)  .  TFTis 

except  g.  Insect  Is  about  one 

Inch  In  length. 


youn*  generally  resemble  the  parents  very  closely  except  In  size. 

The  Orthortera  Include  a  great  variety  of  Insects 
known  familiarly  as  grasshopoers,  locusts,  katydids,  crickets,  roaches, 
stick  insects,  leaf  insects  end  raantises.  So  far  as  we  are  concerned 
there  are  t*o  groups  to  consider,  the  crickets  and  the  similar 
gryllacrids  on  the  one  hand,  and  the  roaches  on  the  other. 

The  first  grout)  have  the  hind  legs  much  lengthened 
and  the  thighs  enlarged,  hence  they  are  able  to  lean. 


Of  Grvllacrls  sechellensls  Vesey- Fitzgerald  says 
"adults  and  nymohs  cut  holes  in  oaoer  and  cloth  with  the  object  of 
making  a  shelter  by  folding  over  the  cut  niece  and  sticking  It  down  . 
This  family  is  a  fairly  large  one  found  throughout  the  tropics.  Similar 
damage  may  occur  elsewhere  although  I  have  found  no  other  reports. 


The  cricket  family  is  a  large  and  cosmopolitan  one,  of 
which  several  members  are  known  to  cause  derange.  The  list  of  materials 
attacked  is  cloth  Including  artificial  silk  and  wool,  clothing,  leather, 
wood,  flour,  bread,  dough, fruits,  vegetables.  One  or  more  destructive 
snccies  nay  be  expected  anywhere  in  the  habitable  world,  and  In  tenoeratr 
climates  crickets  are  rather  prone  to  Invade  houses  In  the  fall, 
apparently  seeking  warmth. 


Mr.  R.  J.  A.  W.  Lever,  the  Government  Entomologist 
at  the  FIJI s,  writes  me  that  crickets  end  gras shorter s  «re  probably  the 
most  serious  grout)  attacking  cloth  In  the  Pacific  area. 


The  general  control  of  crickets  Is  by  means  of 
poisoned  baits  which  generally  have  a  cereal  Vee  and  molasses  for 
flavoring.  Formulae  for  these  baits  are  given  in  another  section.  Any 
procedure  which  will  tend  to  keen  out  roaches  ^111  also,  of  course, 
tend  to  keep  out  crickets  and  grasshoppers. 


Grvllulus  domestlcus  -  U.  S.:  house  cricket;  German:  Helmchen,  Hsus- 

— - -  grille. 

This  Is  the  only  cricket  or  grasshopper  which  seems  to  have 
achieved  a  world  wide  distribution,  doubtless  because  It  particularly 
likes  to  Invade  buildings.  It  has  been  recorded  as  feeding  or-  ®  variety 
of  ‘textiles  including  wool  and  artificial  silk  and  -ould  probably  damage 
any  textile  which  had  been  soiled  with  animal  materials.  In  addition, 
it  feeds  on  paper  and  various  vegetables  and  bread  stuffs. 


The  life  cycle  Is  comparatively  long,  extending  over  nine  to 
eleven  months,  and  in  most  parts  of  the  world  we  would  expect  but  one 
generation  a  year.  Some  work  has  be^n  done  on  the  control  of  the 
house  cricket,  mostly  through  the  use  of  poison  baits. 

The  roaches  are  so  familiar  that  a  definition  16 
almost  unnecessary,  but  we  point  out  that  the  hind  legs  not  modified 
for  leaping  and  the  wings  are  frequently  wanting.  Through  commerce  a 
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nunber  of  species  have  becone  domesticated  cosmopolites;  these  are  all 
of  tropical  origin  and  there  are  rather  few  species  native  to  temperate 
regions . 


The  u sue 1  household  species  are  stated  to  be 
omnivorous,  but  they  actually  show  a  tendency  to  prefer  materials  con¬ 
taining  starch  or  dextrin  particularly  bookbindings.  In  addition, 
damage  to  cereals,  bread,  clothing  and  other  fabrics,  ’tfetercolor  paints, 
cheese,  meat,  and  old  leather  is  on  record.  All  cases  except  the 
last  three  probably  involve  starchy  substances  primarily. 

In  spite  of  the  very  large  number  of  roaches  which  are 
known  from  the  tropics  (100  or  more  species  in  several  different 
regions)  most  damage  by  roaches  even  in  the  tropics  sterns  to  be  due  to 
the  relatively  few  cosmopolitan  and  tropicopolitan  insects  which  I  have 
listed  in  the  appendix. 

Roaches  nay  be  controlled  by  three  general  chemical 
methods:  (1)  the  use  of  poisoned  baits  which  are  commonly  dry  mixtures 
of  cereal  and  pondered  poison;  (2)  by  spraying  with  oily  insecticides, 
a  procedure  which  is  excellent  provided  the  marksmanship  is  good:  but 
the  m°re  mist  of  spray  in  the  air  is  of  almost  no  significance,  and 
similarly,  deposits  of  the  sor*y  on  ’"alls  or  floors  are  not  sufficient; 
(3)  by  fumigation:  as  "ill  be  sho,rn  later  fumigation  to  be  effective 
takes  a  building  out  of  use  for  some  tine:  it  requires  a  tight  building 
«nd  it  is  no  protection  against  re  infestation,  thRt  is,  it  functions 
only  while  the  gas  is  in  the  building,  and  in  th°  tropics  reinfast»tlon 
with  roaches  is  to  be  anticipated  since  our  familiar  household  species 
can  exist  out  doors. 

Blptta  orientals  -  U.  3.:  Oriental  roach;  German:  geneine  Kucher. schn be, 

Kakerlak;  English:  black  beetle 
This  cosmopolitan  species  is  likely  to  be  familiar  to  nnyone 
who  has  eaten  in  dubious  restaurants  near  the  w^ter  front  or  traveled 
on  cargo  vessels.  It  is  typically  the  ship  roach.  The  two  sexes  are 
rather  different  in  appearance,  the  male  being  very  d^rk  brown  with 
long  wlngs  and  capable  of  flight.  The  female  being  nearly  black, 
almost  wingless,  and  broader  and  heavier  than  the  male.  It  is  sometimes 
stated  that  roaches  in  general  win  eat  anything  they  can  chew  but  their 
jews  are  not  remarkably  strong  and  they  are  hence  restricted  to 
reasonably  soft  materials,  such  as  human  food  and  to  eroding  the  sur¬ 
face  of  cloth  and  paper  for  the  sizing.  There  is  rather  little  infor¬ 
mation  on  the  life  cycles  of  roaches  except  that  the  development  is 
relatively  slow.  In  the  present  species  it  nay  be  as  long  as  a  year. 

The  eggs  are  laid  in  capsules,  1/2  inch  cr  so  in  length,  from  which 
a  considerable  nunber  of  young  emerge.  The  young  are  nearly  colorless 
during  the  first  and  perhaps  second  stages. 

Blattella  germanica  -  U.  S. :  German  roach;  German:  Frnnzosen,  Russen. 

This  roach  is  perhaps  the  most  generally  distributed  of  the 
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household  roaches  of  North  Anerlc'1  since  it  is  easily  carried  by  the 
erroc^r  boy  in  his  basket  and  *bout  9/10  of  the  individuals  a re  females. 
It  runs  "'lth  great  rapidity  but  do  as  not,  properly  speaking  fly.  It 
merely  volplanes  down  to  the  ground. 

There  Is  rather  little  information  about  the  normal  food  of  this 
soecles,  but  it  ie  probably  whatever  the  animals  can  find  n  round  the 
kitchen.  They  will  also  invade  food  processing  plants  end  some  will 
cro  to  garbage  dumps.  The  species  ie  especially  prone  to  darrae  bindings 
of  books  for  the  sizing  in  them  and  it  has  been  recorded  once  attacking 
water  color  paints,  presumably  also  for  the  contained  mucilage. 

This  species  is  rather  peculiar  among  roaches  in  carrying  its 
egg  capsule  projecting  from  the  hind  end  of  the  body  until  the  eggs 
®re  reedy  to  hatch.  Each  capsule  contains  some  30  to  60  eggs. 

3n3.  The  order  Dermaptera  -  earwigs 

In  this  order  the  antennae  are  rather  slender,  many 
Jointed.  The  abdomen  is  armed  at  its  tip  with  n  pair  of  strong  forceps 
The  forewinge,  if  present,  are  short  and  leathery.  The  hind  wings,  if  * 
present,  broad,  rounded,  and  membranous.  The  netnnorohosls  is  slight, ‘ 
The  members  of  this  group  can  be  told  at  once  by  the  forceps  mentioned 
There. are  only  n  very  few  other  insects  so  armed,  and  the  others  are 
smaller  in  general  and  wingless.  Earwigs  hRve  strong  biting  mouth 
pa  rt s . 


..  Although  earwigs  feed  on  a  great  variety  of  substances 

they  prefer,  on  the  whole,  insects  and  growing  plants.  There  «re  a 
fe«*  references  of  danage  to  stored  products  and  to  cloth. 

The  metamorphosis  Is  gradual,  and  the  life  history  is 
chiefly  remarkable  in  that  the  fenales  remain  in  attendance  upon  the 
eggs  until  they  hatch  pnd  oven  t»3:e  c»re  of  the  newly  hatched  young. 

Earwigs  remain  in  concealment  during  the  dgv  under 
b^rk,  stones,  or  in  similar  dark  places,  and  come  out  at  night  to  feed. 

One  species  of  very  wide  distribution  is  known  to 
attack  a  variety  of  stored  products  much  as  roaches  do,  although  it 
prefers  animal  food.  Another  very  widely  distributed  form  may  do  minor 
damage  to  cotton  and.  silk.  Like  the  roaches  and  grasshoppers  the  eai>- 
wlgs  are  capable  of  ejecting  from  the  mouth  a  dark  fluid  which  is  known 
to  rot  cloth.  At  least  two  species  are  capable  of  drawing  blood  with 
the  forceps  If  roughly  handled,  and  this  is  probably  true ’of  a  number 
of  others. 


Hebard  refers  to  the  trooicorolltRn  Prolabia  nrochidis 
as  a  disgusting  greasy  household  pest  of  the  sub-tropical  and“troplcal 
regions  which  has  been  carried  around  the  world  by  commerce".  As  to 
this  species,  I  have  no  specific  Information  on  the  damage  that  it  does. 

There  are  fewer  than  a  thousand  species  of  earwigs, 


nostly  found  In  the  tropics.  There  are  several  native  European  specie 
and  a  very  few  native  to  North  Anerica.  I  have  found  Indication  of 
damage  but  by  three  species;  one  I  have  referred  to,  one  of  the  others 
Is  cosmopolitan,  and  the  last  one  has  been  Introduced  pretty  much 
throughout  the  temperate  regions . of  the  world. 

I  an  told  by  U r.  Hardenbrook  that  although  he  Is 
familiar  with  earwigs  In  the  tropics,  he  has  never  seen  any  damage  from 
them.  This  agrees  with  the  literature  essentially,  and.  need  not 
anticipate  any  extensive  damage. 

It  seems  very  certain  that  precautions  taken  against 
roaches  would  also  operate  against  earwigs, 

3n4.  The  order  Isoptera  -  temites 

This  order  contains  social  species  living  in  large 
communities  composed  of  winged  and  wingless  reproductive  individuals 
together  with  a  l«rge  number  of  wingless  sterile  forms,  some  with 
modified  heads.  The  winged  individuals  are  ordinprlly  dark  in  color; 
the  wingless  Individuals  ordinarily  pale  broM,n  or  cream  color.  The 
mouth  parts  are  adapted  for  biting  or  are  degenerate.  The  wings,  "hen 
present,  are  two  very  similar  pairs,  longer  than  the  body  and  rather 
transparent.  There  are  strong  veins  toward  the  front  margin  of  the 
wing  and  at  the  rear  weaker  longitudinal  veins  and  a  net  work  of  small 
veins.  The  wings  are  capable  of  being  shed  at  fracture  lln^s  near  the 
base.  The  Juncture  between  thorax  «nd  abdomen  is  broad.  The  cercl 
are  short  or  very  short;  the  netonorohosis  is  slight. 

Food.  The  chief  food  of  termites, is  cellulose.  It 
1 8  of  no  consequence  to  the  termite,  as  far  as  I  can  learn,  whether 
this  material  is  obtained  from  wood,  paper  or  glue.  The  other  sub¬ 
stances  In  wood  are  scarcely  digested  at  all,  A  large  number  of 
tropical  termites  cultivate  certain  eoecies  of  mushroon-like  molds 
which  they  eat.  The  latter  termites,  in  general,  do  not  attack  wood 
although  they  do  great  damage  to  grass  and  herbage.  All  the  termites 
with  which  we  are  concerned  are  directly  or  indirectly  feeders  on 
cellulose. 


Colony  Structure.  As  has  already  been  stated  termites 
ere  social  Insects,  and  this  implies  not  a  random  ossenbling  of 
individuals  but  a  definite  organization  of  the  group.  A  given  colony 
takes  Its  origin  from  a  reproductive  pair  which  are  commonly  called 
the  king  and  aueen.  These  may  or  may  not  have  originally  possessed 
wings,  and  they  may  or  may  not  have  founded  the  colony  with  the  aid 
of  certain  sterile  individuals.  In  any  event  all  of  the  temites  In 
the  colony  are  the  descendants  of  this  king  and  queen  or  of  their 
Immediate  ancestors.  In  a  developed  colony  most  of  the  individuals 
function  as  workers  and  are  not  reproductive.  In  most  of  the  families 
these  workers  are  actually  sterile  adult  individuals  which  are  uni¬ 
formly  wingless.  They  are  entirely  responsible  for  the  excavation  of 
the  dwelling  place,  for  the  chewing  up  of  the  wood  or  other  food, 
thereby  rendering  it  available  ultimately  to  the  entire  colony.  They 
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Figure  21 !  Life  history  and  characteristic  work 
of  the  western  subterranean  termite.  The  forms 
ordinarily  seen  In  a  termite  colony  are  the  worker 
and  the  soldier. 


also  take  what  care  Is  necessary  of  the  eggs  and  young.  In  "lmost  all 
species  of  ternlte  there  are,  In  addition,  °  certain  nunber  of  sterile 
individuals  cplled  soldiers.  They  nay  either  be  provided  with  ab~ 
nomally  enlarged  Jaws  or  nay  even  rrsctlcelly  lack  Jatt,s,  in  which  case 
the  head  is  provided  with  a  greatly  developed  gl»nd  whose  secretion 
is  said  to  be  protective.  There  is  no  doubt  that  the  soldiers  are 
protective  individuals,  but  they  seen  ^lso  to  have  a  certain  regulatory 
function  in  the  colony.  To  discuss  this  latter  point  would  lead  us 
too  far  into  theory.  In  any  event  the  occurrence  of  two  or  nore  wing¬ 
less  types  (castes)  is  the  usual  situation  in  a  ternite  colony.  In 
the  arywood  termites  and  their  near  relatives,  all  In  the  family 
Kelotermitidee,  the  place  of  the  workers  is  taken  by  young  reproductive 
individuals.  There  is  no  special  point  in  discussing  here  the  precise 
details  of  the  caste  arrangement  of  termite  colonies.  It  suffices  to 
point  out  that  there  are  three  reproductive  castes  each  represented  by 
both  sexes  and  a  maximum  of  three  soldier  castes  which  nay  differ 
among  themselves  only  in  si*e  or  as  well  in  structure.  This  colonial 
organization  entails  certain  peculiarities.  In  the  first  place, 
members  of  the  colony  recognize  one  another  by  odor.  Second,  they 
have  a  very  marked  tendency  to  maintain  extremely  close  contact  with 
other  individuals  of  the  colony,  and  in  addition  usually  also  with  nore 
than  one  solid  surface.  This  e^enp  to  account  for  the  extremely  con¬ 
stricted  nature  of  the  ordinary  oe36Pgewpys  in  the  colony.  In  the 
third  place,  and  most  important,  the  food  made  available  by  the  workers 
16  passed  along  In  partially  or  even  completely  digested  fern  to  the 
non-feeding  individuals,  soldiers,  younger  nymphs,  pnd  reoroductlves 
who  are  therefore  dependent  upon  the  continued  existence  of  these 
feeding  individuals. 

It  is  commonly  stated  that  to  control  a  termite  in¬ 
festation  it  is  necessary  to  kill  the  aueen.  In  the  first  niece,  in¬ 
festations  are  constantly  being  controlled  without  killing  the  queen 
at  all  which  in  very  many  cases  would  be  entirely  impossible;  nnd  In 
the  second  place,  eliminating  the  queen  or  king  and  queen  rill  by  no 
means  assure  the  elimination  of  th"  colony  because  it  is  comparatively 
easy  for  the  colony  to  replace  s(.  xual  individuals  throutft  the  young 
sexual  Individuals  which  are  almost  always  present,  and  in  some  Instance 
at  least,  by  the  sexual  maturing  of  soldiers.  This  last  has  been 
obtained  in  the  laboratory,  and  we  have  reason  to  suspect  that  it  nay 
occasionally  occur  in  nature,  . 

Habitat  Types.  We  may  distinguish  six  hnbltPt  types 
amonp  the  species  in  which  w©  are  Interested. 

a.  Dry  Wood. 

Excavations  of  a  single  colony  pro  relatively  limited  and 
occur  entirely  within  a  piece  of  wood.  The  galleries  are  opened 
temporarily  at  a  few  points  for  the  discharge  of  fecal  pellets  and  at 
the  appropriate  season  for  swarming  of  the  winged  individuals.  The 
colonies  of  dry  wood  termites  number  at  the  most  a  few  thousand 
individuals. 

b.  Powder  Post, 

The  powder  post  termites  are  closely  related  to  the  dry  wood 
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forme  The  colonies  are  of  the  sane  general  commosition  but  usually 
larger  The  working’s  are  more  extensive  and  nay  ultimately  destroy 
ell  of  the  ,5!ood  excemt  a  very  thin  outer  shell.  The  fecal  mallets  end 
other  frass  may  not  be  discharged  from  the  galleries. 


c.  Damn  Wood.  _  , 

these  are  also  termites  mostly  closely  related  to  the  mry. 

wood  smecles.  They  work,  however,  only  In  wood  which  is. evidently  damn 
or  even  rotted  and  hence  they  are  not  commonly  found  far  above  ground. 
This  habitat  tyme  is  largely  restricted  to  North  America. 


d.  Subterranean.  ,  _  .  , 

In  this  tyme  the  excavation  of  the  colony  Is  martly  in  wood 
and  martly  in  the  soil  nearby.  The  colony  is  ammarently  always  started, 
in  wood  which  is  in  contact  with  ground  but  nay  later  extend  to  wood 
not  in  cont°ct  by  means  of  shelter  tubes  (see  Section  5) •  Generally 
sneaking  the  subterranean  termites  are  camable  of  causing  the  greatest 
amount  of  damage  since  they  are  denendent  on  cellulose  for  their  food 
o'nd  the  colonies  are  often  of  considerable  size,  some  hundreds  of 
thousands  of  the  Individuals.  Many  of  the  smecles  fill  unused  marts 
of  the  excavation  with  a  mlaster  commosnd  of  earth,  feces,  and  other 
material.  The  mresence  of  this  mlaster  is  diagnostic  of  their  work. 

The  subterranean  termites  mromer  do  not  form  a  definite 
nest  in  which  the  remroductlve  Individuals  occur,  but  queens  »111  be 
scattered  «bout  through  the  extent  of  their  workings. 

e.  Sen 1- subterranean  termites. 

I  am  using  this  term  for  the  genus  Comtotemes.  The  work 
of  this  genus  differs  from  that  of  the  ordinary  subterranean  termite 
in  that  a  definite  nest  of  mlaster  or  similar  material  is  mroduced. 

This  may  be  either  in  the  ground,  or  in  wood.  For  that  reason  some 
smecles  of  this  groum  have  been  int, reduced  in  regions  to  which  they 
are  not  native.  In  addition,  it  does  not  8*em  to  be  so  denendent  umon 
contact  with  the  soil  as  the  true  subterranean  forms.  Their  colonies 
ha, ve  been  found  on  more  than  one  occasion  in  the  timber  of  shims.  The 
best  known  smecles  Comtotemes  fomosanus  makes  very  extensiv?  massages 
through  the  soil.  One  which  »ns  examined  in  Hawaii  had  a  length  of  more 
th^n  165  feet  and  in  nieces . descended  10  fast  into  the  ground. 

f.  Foraging  termites. 

The  smecles  of  this  groum  come  above  ground  sometimes  even 
by  day  to  gather  grass  and  leaves  to  take  back  to  their  nests  eg  food 
for  fungi  and  at  least  some  of  them  have  been  remorted  to  attack  w*ll- 
mamer  and  they  might  attack  cloth  on  or  very  near  the  ground. 

Nests  and  Covered  Passages.  The  colonial  habits  of 
the  termites  seem  to  necessitate  a  comparatively  great  centralization 
of  the  activities  of  the  colony  and  in  many  forms  this  involves  the 
formation  of  a  specialized  nest  which  is  composed  of  earth,  more  or 
lens  mixed  with  other  substances  and  nay  be  of  almost  cement-like 
hardness.  These  nests  vary  in  size  from  the  bulk  of  one's  two  fists 
to  huge  mounds  several  fpet  in  height  and  dimeter.  These  mounds  are, 
in  some  marts  of  the  world,  a.  consmicuous  feature  of  savanna  landscames. 
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The  nests  of  temites  occur  when  they  ere  strongly  centralized  in  three 
situations,  projecting  above  the  ground,  in  the  ground,  sometimes  in 
wood.  5,,hich  hee  be^n  holloaed  out  by  the  temites,  end  sometimes  simoly 
in  the  soil,  end  finally  above  the  ground  in  a  tree  or  on  a  pole  or 
building.  These  latter  nests  are  generally  known  in  the  "Vest  Indies 
as  "n.lgp-er  heeds”.  Their  height  above  the  ground  depends  in  pert  on 
the  habits  of  the  particular  species  of  termites  and  on  the  support 
which  is  available.  They  have  been  found  in  Australia  more  than  100 
feet  above  p-round.  Since  temites  are  with  very  few  exceptions  strongly 
dependent  on  a  sli£  *t  amount  of  water  but  on  a  continually  moist 
atmosphere,  they  very  rarely  appear  in  the  open.  It  might  be  assumed 
that  whatever  communication  they  have  from  wood  to  ground  or  from  one 
piece  of  wood  to  another  w0Uid  bo  entirely  under  cover,  but  this  is 
not  necessarily  true  even  in  some  of  those  cases  in  which  they  nest 
on  trees.  They  have  a  very  considerable  oower  of  constructing  covered 
passageways  from  the. same  sort  of  materiel  of  which  the  nests  are  nede. 
There  these  passageways  nay  run  exposed  for  loner  distances  and  over 
all  sorts  of  objects.  Although,  therefore,  in  North  America  sub¬ 
terranean  temites  would  be  discourncr^d  by  the  interposition  of  rather 
moderate  heights  of  concrete  foundation,  the  same  cannot  be  said  of 
tree-nesting  temites  of  the  tropics  which  are  used  to  building  such 
passageways  to  very  considerable  heights,  even  a  great  many  feet,  and 
more  positive  methods  of  protection  must  be  employed. 

Damage.  The  most  familiar  form  of  termite  demage  is, 
of  course,  the  attack  on  wood  and  here,  as  has  already  been  pointed  out 
in  section  2cl,  it  is  customary  for  the  majority  of  the  passageways  to 
follow  the  rings  of  the  wood,  the  spring  wood  being  excavated,  and  the 
summer  wood  left  largely  untouched.  For  this  reason  termites  in 
Australia  are  sometimes  popularly  called  ”ringantsn.  But  in  addition 
to  this  termites  will  attack,  as  has  already  been  pointed  out,  almost 
*ny  material  containing  cellulose,  although  we  have  very  little 
information  about  their  attack  on  highly-treated  cellulose  materials, 
such  as  ethylcellulose.  The  hardness  of  the  material  seems  to  be  of 
relatively  little  consequence.  In  addition  to  that,  temites  will 
penetrate  a  most  considerable  variety  of  completely  Inedible  sub- 
stnnces  -  asbestos  p}.oe  coverings,  lend,  asphalt-imoregna ted  felt, 
electric  insulation,  and  a  certain  number  of  perhaps  edible  substances 
such  as  wool  fabrics..  Since  section  2  was  written  some  additional 
information  on  this  point  has  cone  to  hand  which  could  not  be  included 
there  or  in  section  2>, 

I  have  had  the  opportunity  to  actually  watch  temites 
feeding,  and  two  actions  seem  to  be  used  in  concert  -  in  the  first 
place,  a  prying  up  of  an  appropriate  amount  of  the  material.  At  this 
point  the  animal  braces  Itself  strongly  against  a  firm  surface. and  by 
working  the  head  up  and  down  and  from  side  to  side  loosens  a  piece  of 
material  which  is  of  a  convenient  width  to  go  between  the  Jaws.  Then  th 
Jaws  are  slowly  and  strongly  forced  into  the  material  with  more  pulling 
end  tugging,  and  eventually  a  Piece  is  separated  off  which  is  then 
carried  away,  held  by  the  other  mouth  appendages  but. not  apparently 
by  the  Jews.  Beyond  this  I  have  not  seen,  but  suppose  that  this  bit 
of  material  is  still  further  chewed  up  pnd  swallowed,  We  do  know  that 
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In  the  intestine  wood  occurs  in  the  form  of  microscopic  fragments. 

It  sterns  quite  certain  on  the  other  hand  that  although  these  same 
actions  might  be  gone  through  with  Inedible  materials  that  the  frag¬ 
ments  of  the  material  would  not  be  swallowed,  unless  its  separation 
from  edible  substances  was  impossible. 

Distribution.  Although  it  is  true  for  termites  as  for 
most  other  organisms  that  there  are  more  in  the  trooics  than  in  cooler 
regions,  the  distribution  of  the  various  habitat  types  is  not  by  any 
means  uniform  so  far  as  our  present  knowledge  goes.  It  may  be  roughly 
stated  that  termites  are  found  from  5°°  N*  to  5°°  ***•  which  indi¬ 

cates  a  fairly  great  extension  of  a  few  members  into  cool  regions.  In 
the  cooler  parts  of  the  northern  hemisphere  almost  all  termite  damage 
is  done  by  subterranean  species  which  in  Asia  and  North  America  do  a 
large  amount  of  damage.  The  sane  thing  is  true  -to  some  extent  for 
Europe,  although  the  number  of  species  and  the  amount  of  damage  reported 
is  rather  less.  In  the  cooler  parts  of  the  southern  hemisphere,  on 
the  other  hand,  it  is  the  dry-wood  termites  that  show  an  important 
extension  Into  temperate  regions. 

Taking  first  the  dry-wood  termites,  we  find  that  the 
greatest  amount  of  damage  from  them  is  to  be  expected  in  the  American 
tropics  from  Mexico  to  Brazil  with  somewhat  less  damage  in  the  'Host 
Indies.  The  next  region  of  high  damage  is  northeastern  Australia. 

The  number  of  dry-wood  species  in  southern  continental  Asia  and  in 
Africa  la  relatively  restricted,  and  so  far,  at  least  as  tropical 
Africa  is  concerned,  it  seems  safe  to  conclude  that  there  really  are 
rather  few  dry-wood  species.  The  islands  off  southeastern  Asia  from 
the  Philippines  to  Java,  Ceylon,  and  Madagascar  possess  moderate  numbers 
of  dry  wood  termites.  The  subterranean  termites  show  a  somewhat  more 
uniform  distribution,  but  again  they  are  surprisingly  uncommon  in 
tropical  Africa,  and  there  is  a  very  hl#i  likelihood  of  damage  from 
southeastern  Asia  to  Queensland,  a  likelihood  which  is  matched  only  by 
the  probability  between  Mexico  °nd  British  Guiana,  although  in  this 
region  the  number  of  subterranean  termites  is  less  than  the  number 
of  dry  wood  forms.  The  distribution  of  foraging  temites  which  might 
conceivably  do  damage,  and  under  this  head  I  am  thinking. of  the  very 
large  family  Termltldae,  reaches  its  peak  in  central  tropical  Africa. 

In  this  family  certainly  very  few  species  do  much  damage.  Lesser 
areas  of  danger  are  India,  Malaya,  and  Queensland, 

So  far  a s  the  smaller  Pacific  Islands  are  concerned, 
they  usually  possess  a  rether  few  dry  wood  species  and  one  or  two  sub¬ 
terranean  eoecies,  but  p.s  is  usually  the  case  the  number  of  species 
occurring  is  roughly  in  Inverse  proportion  to  the  size  of  the  island. 

Control.  Most  of  the  information  on  the  control  of 
termites  will  be  given  in  section  4,  particularly  4b,  c  and  d.  At 
this  point,  however,  I  want  to  present  r  list  of  termite- resistant 
woods.  Certain  cautions  are  necessary  in  using  this  list.  First,  it 
must  be  recognized  that  so  far  as  untreated  wood  is  concerned,  there 
is  no  such  thing  as  a  termite- immune  wood  known.  We  can  merely  say 
that  some  woods  are  more  resistant  to  attack  than  others.  Second, 
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the  woods  included  in  this  list  have  not  been  tested  against  very  many 
tyoes  of  termites,  in  some  Instances  only  against  a  single  abundant 
s cedes,  and  it  is,  therefore,  not  certain  that  even  in  the  regions 
named  the  woods  would  be  uniformly  resistant;  and  it  is  well  known 
that  woods  resistant  in  one  region  are  not  resistant  in  other  regions 
necessarily.  This  is  true,  for  example,  of  Jarrah,  one  of  the  best- 
known  termite- resistant  woods  of  Australia.  Third,  the  resistance  of 
a  given  species  of  wood  is  subject  to  some  variation  -  not  only  because 
different  trees  of  the  same  soecies  differ  in  their  rate  of  growth  and 
therefore  in  the  relative  hardness  of  the  wood,  but  as  well  because 
srewood  is  on  the  ''’hole  much  lese  resistant  than  heertwood,  In  the 
following  list  I  have  arranged  the  woods  alphabetically  under  their 
scientific  npmes  and  divided  the  list  into  sections  each  of  which 
represents  the  area  in  which  the  given  wood  is  known  to  be  resistant.’ 
As  far  as  possible  I  have  given  the  native  names  in  various  languages, 
m  some  sections,  at  least,  there  are  not^s  on  non-resistant  woods 
which  elsewhere  are  resistant. 

It  muflt  be  further  recognized  that  resistance  to 
termite  attack  bears  no  relation  to  resistance  to  other  insect  damage 

or  to  decay,  and  some  of  the  woods  here  listed  are  known  to  be  sublect 
to  decay. 

UNITSD  STATES 

Seeruola  genre rvlrens  -  U.  S. :  redwood 
Western  United  States 

EASTERN  UNITED  STATE 3 

Callltrls  robuata  -  cypress  Pine 
Queensland 

ChamaecypsrlB  lawsonlena  -  Port  Orford  cedar 
N.  tf.  United  States 

Chamaecy parls  nootkatensls  -  yellow  cypress 
r w.  United  States 

Junloerus  bp.  -  Juniper 
United  States 

Llboc^drus  de cur re ns  -  Incense  cedar 
Western  United  States 

Neotand.ra  rodlael  -  bebeeru;  English:  greenheart 
Northern  3outh  America 

Shores  robust a  -  Indian:  sal 
"TnSla 

Teotona  grandla  -  Malabar:  tekka;  English:  teak;  Dutch  East 
Indian:  dJottl 

Burma,  Malaya,  Java,  Sumatra,  Sinn,  India 
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Thuja  ollcpta  -  western  red  cedar 
’.Veetern  United  States 

I 

CALIFORNIA 

NOT  RESISTANT 

1 " 

Thuja  plicate  -  western  rod  ce^ar 
'Ye stem  United  States 

PANAMA 

Sequoia  scnnervlrens  -  U.  S. :  redwood 
Western  United  Ste te s 

PUERTO  RICO 

Anonlg  grlsea  -  nusu 
Puerto  fil co 

Bpwdlchle  bresllpnsls  -  B"ouolra 
Brasil” 

Broslnun  paraense  -  nuimoirenge 
Srasll 

Buchen*vl*  capitate  -  granndlllo 
Puerto  &ico— 

Buclda  buceras  -  ucar 
Puerto  ft! c o 

Caryocnr  vlllosun  -  olqui'p 
Brasil 

Cedrcln  edoret*  -  'Test  Indian  cedar,  cedro 
(Juba,  Haiti,  Brasil 

Coccolobls  grand  If lore  -  -tore  Ion;  ortepon 
Puerto  Rico 

Cordla  goeldl^na  -  frr‘iJo 
Brasil 

Euxyloohora  oarnensls  -  pnu  anarlllo 
Brasil 

Qua  re  a  guara  -  Ouaraguao 
Puerto  ftlco 

Honqllun  racgmoaun  -  Carecollllo 
Puerto  "PI  co 

Hr  nl  liter  a  nltlda  -  Ausubo 
Pue  rto  Rico 
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Montezuma  soecloslsslna  -  'feet  Ingles:  maga 
Puerto  ftico 

Plthecoloblum  racemosun  -  Anc-ollm  ray°do 
Brasil 

Pl^tynlsclun  ulel  -  Macacahuba 
rJrasil 

Rhlzoohors  so  -  Mangrove 
Vest Indies 

Stahlia  nonosoerna  -  cobana  negra 
Test  Indies 

S’Mj^ tenia  nahoganl  -  English:  nahogany 
Heotrooics 

Swletenla  so  -  English:  nahogany 
Origin  unstated 

Taxodlun  distich  urn  -  southern  cyoress 
Southern  United  States 

VouacopouB  anerlc^na  -  acaou 
Brasil 

Zanthoxylon  flcvun  -  aceltillo 
Puerto  Blco 

Zanthoxylon  so  -  Test  Indian  satln^ood 
Vest  Indie s 

Zollornla  oa raensls  -  oau  sonto 
Brasil’"’ 


BAR3AD0S 

Soeru"  f*»lcata  -  English:  wrllaba 
Origin  unstated 

Swjetenla  so  -  English:  nahogany 
Origin  unstated 


TRINIDAD 


Eschwellere  subglanduloaa  -  Trinidad;  eruatecnre 
Origin  unstated 

Guarea  trlchlIlold.es  -  Trinidad:  redwood 
Origin  unstated 

Hleronynea  c^rlbaea  -  Trinidad :  taoana 
Origin  unstated 
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Hanllkara  bldontata  -  Trinidad:  bnlate 
Trinidad  (scarce ) 

Mora  excel sa  -  Trinidad:  nora 
Trinidad 

Paraclethra  nacrolobr  -  Trinidad:  bole  nulatre 
"  Origin  unstated 

Tabebula  serratlfolla  -  Trinidad;  ooui 
~  Trinidad  {scarce ) 

NOT  RESISTANT 


Tectonn  grnndls  -  Malabar:  tekka;  English:  teak;  Dutch  East 
Indian:  djattl 

Burma,  Malaya,  Java,  Sumatra,  Sian,  India 


'VEST  AFRICA 


Khaya  senegalenels  -  Senegal  mahogany;  dry  zone  mahogany; 

Sudan :  bandoro,  bogu,  belc;  Arabic:  homreya 
French  Sudan  to  Cameroons  and  Uganda 

CENTRAL  AFRICA 

Cynoraetra  alexandri  -  Uganda  lronwood;  Muhimbi 

~  Uganda,  fie lg lan  Congo 

UGANDA 

Markham la  olatycalyx  -  Trade:  nsambya 
Uganda,  Kenya,  Ta nga ny i ka 

SOUTH  AFRICA 

Adlna  galplnl 

South  Africa 

Brachylena  discolor 
South  Africa 

Conbretun  norohyrolcosls 
South  Africa 

Plea  laurlfolla  -  S.  African:  black  lronwood;  S^art  Ysterhout, 
Native :  Gqwanxi 
South  Africa 

Ptaeroxylon  obllqunn  -  S.  African:  Sneezea-ood;  Nie shout 
South  Africa 
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RHODESIA 


Balkiaea  olurijuga  -  S.  African:  igusl,  redwood;  Rhodesian 
teak;  Rhodesian:  iGusi,  nKusi;  Angolese:  umPara 
Rhodesia,  Angola  to  Bechuanaland 

Erythroohloeura  p.f  rlcanun 
Rhodesia"" 

I  la  roues  la  nacroura 
Rhode s ia 


EAST  AFRICA 

Af7elia  aunntensls  -  3.  African:  nod  mahogany;  Rhodesian 

mahogany;  Rhodesian:  nuKnmbo;  Mozambique:  Chaontn 
ornPow;  Swahili:  n&oberere,  nBemba  koti 
Angola,  Mozambique,  Xenya-Transva.nl 

Junioerus  nrocera  -  3.  African:  African  oencil  cedar;  Kenya: 

“muTarakwa,  olTerrk.wn,  terakuet,  nuRarn;  Uganda: 
tolokyo 

Ethiopia  to  Hyasr-land,  Uganda,  Tanganyika 

Lovoa  brownl  -  nkobn;  Uganda  walnut 
Ug^ndp,  Tanganyika 

Ptcroc^mua  nngolcnsls  -  mlonb’»-«,  bloodwood;  Rhodesian: 
mVaga? l7  muLambl 

Angola-Mozanblqu0,  s.  to  Transvaal 


INDIA 


Cedrus  deodara  -  Indian:  doodnr 
India 

Tcctona  granais  -  Malabar:  tekkn;  English:  teak;  Dutch  East 
Indian:  djnttl 

Burma,  Malaya,  Java,  3umatra,  3ian,  Indin 

lie s sue,  f  errea  -  Malayan:  oenaga 
Malaya 


CEYLON 


Hone  a  o  do  rat  a  -  Burmese;  thlngan;  Siamese:  ma.i  takien 
Burma,  Slam 

3c  quo  In  serroervlrens  -  U.  3,:  redwood 
Western  United  States 


( 
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MALAYA 

Artocarpus  lonceaef olla  —  Malayan:  keledang’ 

Malay a 

Balanocaroug  helmll  -  Malayan:  chengal 
Malaya- 

Burse racaac  ( so • )  -  Malayan:  bebrns 

Malaya  (rare  but  remarkably  durable) 

Callltrls  s T),  -  Australian:  native  cypress,  cypress  nine, 
Murray  pine 
Australia 

Cassia  slanes  -  Malayan:  Jahar 
“Malaya 

Cotyleloblun  l^nceolatun  -  31amese:  kl.am 
Slam 

Suslderoxylon  zwgge rl  -  Malayan:  bellan 
Sumatra 

Engraea  glgantea  -  Malayan:  tembusu 
Malaya 

Merit  Lera  minor  -  Burmese:  knnazo 
Surma 


Hope a  nutans  -  Malayan:  glam 
Malaya 


Hooea  odorata  -  Burmese:  thlngnn;  Siamese:  nal  taklen 
Burma,  Slam 

Intsla  spp.  -  Malayan:  merbau 
Malaya 

I s out era  borneensls  -  Malayan:  songkawang 
Malaya 


Lage rs trocmla  speclosa  -  Malayan:  bungor 
Malaya,  India 

Lunnltzera  llttorea  -  Malayan;  teruntura 
Malaya 

Madhuca  utllls  -  Malayan:  bet Is,  bellan 
Malaya 

Nectnndra  rodlael  -  bebeeru;  English:  greenhea-rt 
Nor the rn  South  America 
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Ochanoatachys  anentacea  -  Malayan:  oetallng 
Malaya 

Pent acne  slnnensls  -  Burmese:  ingyln 
Burma 

Shore a  clllatg  -  Malayan:  kunius 
Malaya 

Shore a  glanca  -  Malayan:  D«mar  laut 
Malaya 

Shore a  naterlalis  -  Malayan:  balau 
flalaya 

3horea  spo.  -  Malayan:  serai,  nemesu 
Malaya 

Shore a  son.  -  Malayan:  resak;  aama  ruoa 
Jin  lay  a 

Shore a  utllla  -  Malayan:  Danar  laut 
Hal ay a 

Sloe  tin  slderoxylor.  -  Malayan:  teranlnis 
Malaya 

Tectona  grandls  -  Malabar:  tekka;  English:  teak;  Dutch  East 
Indian:  djattl 

3uma,  Malaya,  Java,  Sumatra,  Slam,  India 

Temlnalln  tonentosa  -  Bumese:  taukkyan;  Indian:  laurel 
Burma ,  3.  India 

Urnndrn  comlculata  -  Malayan:  dedc.ru 
Malays 

Vatlca  sop,  -  Malayan:  reaak,  snmn  runa 
Malaya 

Vltex  oubeacena  -  Malayan:  lebau 
"'"Malaya 

Xylla  dolabrlfornla  -  Burmese:  oylnkndo;  Burma  lronwood 
Burma 

Xylocarous  grnnatun  -  Malayan:  nyireh  batu 
Malay a  ~ . . 

NOT  RESISTANT 

Eucalyptus  marglnata  -  Australian:  Jarroh 
Australia 
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Shore a  robusta  -  Indian:  sal 
India 


FORMOSA 


Chnmecyparls  fomogensls 
Formosa 

Cunninghamia  lanceolate 
Formosa,  China 

Libocedrus  nacrolepls 

Fo rmo s a,  ffest  Chi na 

Lithocarous  son. 

- Fo  rnoga 

Me 11a  azedarach  -  Chinaberry 
Formosa,  5.  Asia 

Me oho 1 jura  longana  -  longan 
"Tormosa,  India,  3.  China 

Podocarnus  spp. 

"Tormos? 

Quo reus  spp.  -  English:  oak 
PHILIPPINES 

Callitrls  Rlauca  -  Australian:  cypress  pine 
Australia 

Intsln  bljuga  -  Philippine:  loll 
^Solomons,  Philippines 

Tecton;.  grnndla  -  Mclobrr:  tekkc;  English:  teak;  Dutch  Enst 
Indian:  djetti 

Burma,  Malays,  Java,  Sumatra,  Siam,  India 

yitex  ^arvl flora  -  Philippine:  molave 
Philippines 


AUSTRALIA 


Cnllitris  sp.  -  Australian:  native 
murray  pine 
Australia 


Eucalyptus  nararinata  -  Australian: 
Australia 


cypress, 


J  arrah 


cypress  pine, 
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SOLOMONS 


Calophyllun  lnoghyllun 

Solomons’]  Tropical  Asia 

G-uet tarda  speclosa 

Solomons,  Palaeotropics 

Intsla  bljugr.  -  Philippine :  loll 
Solomons,  Philippines 

Thesnesla  pooulnea 

Solomons'  Tropical  Asia,  trooical  Africa 
Family  Hodotermitidae 

This  family  contains  a  relatively  small. number  of  species  distri¬ 
buted  through  most  of  Africa,  India,  and  southwestern  Asia  tp  Turklstan. 
The  species  are  not  to  any  extent  wood  eaters.  Typically  they  cut 
grass  and  low  vegetation  and  carry  the  nieces  to  their  nests.  They 
will  however,  Invade  houses  and  are  destructive  to  thatch  and  all 
paper.  Damage  by  members  of  this  family  Is  mostly  reported  from  south 
Africa. 

Family  Kaloternltldae 

The  rather  numerous  species  in  this  family  are  dry  wood  and  damn 
wood  termites.  Oniy  one  species  non  roaches  the  habits  of  the  sub¬ 
terranean  termites.  The  colonies  are,  for  the  most  cart,  of  only 
moderate  or  even  small  size.  It  is  not  uncommon,  however,  to  have 
several  colonies  at  work  in  the  sane  niece  of  timber  and  they  are  con¬ 
sequently  able  to  do  great  damage.  The  dry  wood  members  of  the  family 
differ  from  other  termites  In  making  termorary  openings  to  the  out¬ 
side  through  which  they  eject  fecal  pellets.  These  pellets  are  some¬ 
what  elongate  and  ordinarily  narked  by  a  series  of  longitudinal  grooves. 

I  know  of  no  other  wood  boring  Insect  which  produces  exactly  similar 
pellets.  The  family  Is  well  represented  in  most  warn  or  trooical 
regions  except  the  Mediterranean  Basin  where  but  two  or  three  species 
occur.  It  Is  represented  in  cooler  regions,  for  the  most  mart,  only 
by  damp  wood  species,  although  the  only  native  termites  of  Tasmania 
and  New  Zealand  are  dry  wood  termites.  Because  the  colonies  are 
small  and  restricted  to  the  wood  in  which  th?y  occur  they  are 
relatively  easily  transported  and  a  few  of  the  species  have  become 
rather  widely  introduced  through  the  tropics.  On  the  smaller  Pacific 
Islands  dry  wood  termites  are  to  be  expected  almost  to  the  exclusion 
of  any  other  type.  It  is  only  necessary  that  there  shall  be  some  wood 
for  them  to  eat. 

Kalotemes  brevis  -  U.  3.:  powderaost  termite;  Spanish:  polilla,  enreonr 

This  extremely  destructive  species  is  best  known  in  Central 
America  and  northern  South  America,  but  it  has  been  reported  from  a 
few  places  in  the  Old  '.Vo rid  and  Is,  at  least,  well  on  its  way  to 
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Invading  the  whole  of  the  tropics.  It  Is  often  recorded  In  the 
literature  as  Cryo tot ernes  brevis.  .In  the  western  henlsphere  It 
apoears  to  be  entirely  a  house  termite  not  found  out-of-doors  in  lops 
but  only  In  buildings  and  furniture.  This  soecies  rapidly  reduces  the 
wood  to  powder  leaving  only  a  thin  outer  shell.  It  does  not  eject  all 
of  the  frass  or  fecal  nolle ts  fron  the  workings.  It  will  attack  a 
number  of  substances  other  than  wood,  such  as  dry  goods,  books,  and 
stationery  and  has  been  recorded  damaging  masonite  pressbonrd.  Rather 
Interestingly,  It  has  been  found  that  this  snecles  avoids  glazed  oaoer, 
aprnrcntly  because  it  cannot  got  its  Jaws  into  the  material  and  a 
layer  of  glazed  oncer  has  been  used  to  orotect  wallbonrd. 

Kaloternes  snyde rl 

This  is  the  inoortnnt  dry  wooa  termite  of  the  southeastern  United 
States.  It  has  been  much  confused  with  various  other  eoecles  under 
the  specific  nano  of  nnrglnloonnls.  It  ranges  fron  Georgia  and 
Mississippi  southward  along  the  cast  coast  of  Mexico  into  Central 
America  and  in  eastern  Mexico,  Light  considers  it  common  and  economically 
important.  It  occurs  in  poles  as  well  as  in  buildings. 

Family  Mastoternitldae 

This  family  contains  only  one  living  soccies,  the  most  primitive 
and  one  of  the  largest  of  the  termite e.  The  winged  forms  arc 
distinguished  from  nil  other  temites  by  a.  broad  lobe  crojecting  at 
the  rear  of  the  base  of  the  hind  Wing.  The  only  scecies  is  discussed 
below. 

lire  tote  rncs  darvlnlensls  -  Australian:  big  termite 

This  renarkably  destructive  scecies  is  naned  for  Fort  Darwin 
Australia,  and  is  widely  distributed  in  the  drier  carts  of  trooicnl 
Australia,  chiefly  the  Northern  Territory  and  north  Queensland.  It  is 
not  known  fron  coastal  localities  with  high  rainfall  nor  fron  the 
Atherton  Tableland,  Queensland. 

This  scecies  has  been  recently  discussed  at  length  by  Gerald  F. 

Hill  and  I  quote  some  sections  of  his  work: 

"There  is  no  record  of  a  nest  of  thin  termite  ever  having  been 
found  in  virgin  country,  but  it  is  reasonably  certain  that  they  arc 
invariably  situated  below  or  very  little  above  ground  level  in  a  otunc 
or  the  bole  of  a  tree.  It  is  in  such  daces  ns  these,  and  in  the  base 
of  poles  and  fence  costs,  that  nests  have  been  found  in  occupied 
country.  The  nest  is  constructed  alnost  entirely  of  vegetable  matter 
noulded  to  form  tier  upon  tier  of  relatively  large,  horizontal  cells, 
the  whole  mass  conforming  to  the  dimensions  of  the  wood  destroyed. 
Nothing  is  known  regarding  the  location  of  nests  in  certain  resi¬ 
dential  and  industrial  areas  in  which  large  masses  of  wood  are  not 
available  as  nesting  daces.  In  some  such  localities  there  are 
numerous  relatively  sndl  colonies  located  in  nests  at  the  butt  of 
fence  costs  and  other  small  masses  of  timber;  in  other  localities  the 
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enomou3  nunber  of  Insects  to  be  seen  indicates  the  presence  of  a  l»rre 
nest,  "’hich  nay  be  located  in  buried  tinber  or  in  or  below  the  flooring 
or  foundations  of  buildings.  There  is  an  authentic  record  of  an 
enrmous  colony  having  becone  established  in  the  sonce  between  the 
boards  of  a  double  Partition  wall  and  in  the  adjacent  hardwood  flooring 
in  a  large  disused  concrete  Industrial  building.  It  is  known  that  a 
very  large  nunber  of  winged  adults  was  reared  in  this  nest  for  several 
successive  years. 

The  nunericnl  strength  of  colonies  varies  very  greatly  fron 
several,  thousands  in  snail  nests  in  fence  posts,  etc.,  to  probably 
several  millions  in  very  large  colonies,  (it  has  been  recorded  (Hill 
1921,  p.  11)  that  approximately  1,100,000  soldiers  and  workers  were  ’ 
trapped  and  destroyed  in  one  of  two  adjoining  infested  rooms  without 
exhausting  the  supply  of  teinltes)." 

The  egg3  of  this  species  arc  remarkable  in  being  cemented 
together  in  clusters  somewhat  like  the  eggs  of  roa.ches.  Hill  believes 
that  a  l^rge  proportion  of  the  colonies  arise  by  a  process  of 
swarming  from  already  established  colonies,  a  phenomenon  which  is 
common  ^lso  in  the  family  Rhinotermitidae  and.  which  I  suspect  has 
something,  to  do  with  subterranean  habits  and.  the  peculiar  arrangement 
of  the  reproductive  castes  in  the  Present  family  end  the  one  lust 
mentioned. 

"The  subterranean  runways  of  Hastotermes  usually  are  from  6  to 
12  inches  below  the  surface  of  the  soil,  but  often  are  much  shallower 
or  deeper.  They  have  been  Intersected  at  a  depth  of  14  feet  during 
quarrying  operations,  Some  of  these  runways  are  known  to  exceed  100 
yards  in  length,  which  probably  is  well  within  the  normal  feeding 
range  of  the  species.  l' 

Hastotermes  is  by  far  the  most  destructive  Australian  termite 
and  probably  has  caused  more  economic  loss  than  any  other  Insect  in 
the  northern  part  of  the  continent.  Not  only  has  it  acquired  a  tas+ j 
for  many  substances  essential  to  man's  welfare  and  progress,  but  it 
has  acquired  almost  unbelievable  resourcefulness  in  overcoming  his 
efforts  to  protect  his  property.  The  completeness  and  rapidity  with 
which  Hastotemes  can,  and  usually  does,  carry  out  its  work  of 
destruction  is  a  source  of  wonderment  to  those  familiar  only  with  the 
activities  of  the  incomparably  less  destructive  southern  termites. 

Amongst  the  substances  known  to  be  destroyed  by  this  termite 
are  all  kinds  of  timber  structures,  fences,  poles,  lend  sheathing 
of  electric  cables,  bitumen,  paper,  bone,  ivory,  horn,  leather,  hides 
ebonite,  asbestos,  Jute,  cotton  and.  other  vegetable  fibre,  silk, 
woolen  fabrics,  stored  grass  hay,  sugar,  bagged  pickling  salt  and 
flour.  Accumulations  of  human  excreta  «nd  the  dung  of  herbivorous 
animals  also  are  invaded,  by  these  termites.  In  addition  to  the  trees 
previously  mentioned,  citrus,  soursap,  pineapple,  vines,  cassava, 
bnnrna,  paw-paw,  melon,  pumpkin,  carrot,  potato,  tomato  end  many’ kinds 
of  shade  and  ornamental  plants  are  very  subject  to  destruction  by* 
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sone  lo--relnf«ll  localities  It  is  T>ructic»llv  in. 

HlSr* 

372‘  1926,  o.  ±3;  1927,  p.  11;  Bates,  1926,  n.  4)".  *  V  3’ 


Is  a 
such 


Qf2^ddltl0i?  *2  ,the  dnnr£e  to  structural  wood  this  socles  alan 
®  rJ°J3  T)eat  of  living  trees  of  many  species,  although  a  few 
n 9  thG  specie 8  of  figs,  are  immune  to  -  *  m  fe  ' 


It. 


buildi^*®??1^  dfl!T*e  or  totpl  destruction  by  Hr stoternes  of  farm 
of^rth'AuSt^S^rtfwSS;  ih%r?nd"S?fl^leOt?nh30Pn  ln 'W~rt. 

buimJS010’’  ,'na-  Plt*2;-~l°blun  nonoliferun  ere  m" ralfiSs'Jor  ltrt' 
b^d,lner.^rriO8R0,  The  Practical  impossibility  of  maintaining 

c^UesnLre?hrs?^re°ed™?:  ^  ^  ln  ltS  tUrn  to  ••Poue^lffi- 
rro 8  It  rrffl?"?  b<!£n  ,tPken  freauent  Inpnpctions 

SKssj^a'sjs.sru^ssssin-sijis^j-js.sii 
a  ^sas.SoS1uas^.S"g 

t  JSsrsr^-rs  sa»  .i,*:  ££;?=• 

the  building;  mey  provide  e  neens  of  access  to  a  building  otherwise 
rersonrbly  lrrnune  fron  attack.  Having  established  connuni^atioi 
it  a  Pbound  and  the  tlnber  above,  no  cart  of  the  building  or 

h  ,  'nt*  ere  beyond  the  reach  of  these  termites.  In  disused 

l?** 8  °° »ered-ways,  sometimes  an  inch  or  nore  ln  width  and  neny 
y  rds  in  length,  may  be  built  on  wnlig  ceilings  steel  mnf  ^ 
and  on  fabric-covered  wire  to  facilitate  approach  to  such  obleets  ««* 

"p  1  plugs,  electric  light  brackets  and  sockets  leether  bolting  ena 
accunuiations  of  cinders,  dust  and  oil  at  the  bearing  0?  over& 
machinery.  These  runways  nay  take  the  shortest  route  from  the  point 

Tariff 12?°  ^  bUlld^  t0  the  ob^ct  of  ^tnck,  but  o?ten mender 
supply?  f  1  n°re  nnd  Gnd  fPr  fron  nny  nosslt)le  source  of  food  * 

w«et^tA8  T5rovlouf1y  mentioned,  asbestos  sometimes  is  damaged  bv 
Mastotermes,  "8  for  example  when  such  material  is  used  Sslnsuiiti  n«r 
for  boilers  and  steppes.  In  one  instance  the  termites  entered  ?he 
asbestos  "rouna  «  long  line  of  overhead  stoemmipes  by  tunnelling  up 
one  of  the  supporting  trestles,  and  from  there  excavating  in  the  in 
eula ting  materia!  for  a  distance  of  50  yards  to  a  point  where  ^he'” 
pipe  rested  on  a  girder  ln  an  adjacent  steel  and  concrete  buildini? 

A  runway,  constructed  almost  entirely  of  asbestos,  was  then  built** 
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along  the  girder  for  n  distance  of  several  feet,  where  it  terminated. 
This  building  contained  no  woodwork  and  was  impregnable  at  all  other 
points. 

There  are  numerous  records  of  damage  to  subterranean  electric 
cables  resulting  in  "faults"  and  consequent  interruptions  to  services. 
In  Townsville  these  interruptions  became  sc  frequent  in  one  locality 
that  it  was  considered  expedient  to  relay  the  cable. along  an  Indirect 
route  so  as  to  avoid  what  was  regarded  as  a  particularly  badly  infested 
"rea.  Lead  water  nines  have  been  similarly  nlerced.  Failures  in  the 
electric  light  services  in  Darwin  have  been  traced  to  the  penetration 
by  Mastotermes  of  the  bitumen  filling  in  the  Jointing  boxes  of  the 
subterranean  cables." 

Family  Rhinotermitidae 

This  family  is  somewhat  smaller  in  number  of  snecies  than  the 
Kalotermitldae  but  is  represented  in  ny  files  by  somewhat  more  economic 
snecies.  Almost  all  of  its  members  are  subterranean  termites.  The 
only  exception  of  consequence  being  the  genus  Pro rhl note rne_ s.  This 
last  genus  is  considered  as  a  damp-wood  group  and  is  found  very  close 
to  the  ocean  in  the  warm  parts  of  the  world,  particularly  in  the 
Pacific  Islands.  The  colonies  of  Rhinotermitidae  are  usually  of 
considerable  size  ana  capable,  therefore,  of  doing  very  extensive 
damage,  but  because  of  their  dependence  on  soil  moisture  they  are 
relatively  readily  controlled  in  new  construction  and .they  are  diffi¬ 
cult  to  introduce  from  one  region  to  another,  although  such  intro¬ 
duction  is  known  to  have  occurred  in  2  or  3  instances.  The  family  is 
especially  well  represented  in  the  ne*"  world  and  in  Australasia  and 
surprisingly  poorly  represented  in  tropical  Africa.  One  of  the 
eenera.  Reticulltermes.  is  the  chief  genus  of  termites  in  the . temperate 
regions  of  the  northern  hemisphere,  occurring  as  far  north  as  extrene 
southern  Canada,  central  Japan  and  China,  and  southern  Europe.  It  is 
not  found  at  all  in  the  south  temperate  zone  and,  in  fact,  the  family 
as  a  whole  is  not  well  represented  south  of  the  tropics.  The  most 
destructive  genus  in  the  family  is  Comtote me s  which  contains  about 
4-0  species  found  throughout  the  tropics  and  it  is  probable  that  any 
of  these  species  are  capable  of  doing  great  damage.  It  is  also  rather 
readily  introduced  since  it  tends  to  make  definite  nests,  frequently 
in  wood,  and  to  survive  fairly  readily  apart  from  the  soil  if  there 
is  adequate  moisture.  At  least  one  species  has  even  been  found 
infesting  ships. 

Coptoterraes  fomosanus  -  Hawaiian:  subterranean  termite 

I  have  already  discussed,  to  some  extent,  the  genus  Coptotemes 
of  which  this  is  one  of  the  best  known  species.  It  occurs  commonly 
along  the  south  coast  of  China,  oorhnms  as  far  north  as  Shanghai,  in 
Formosa  and  in  southern  Japan  (recorded  from  Kagoshima,  Morag^ne),  the 
Riu-Klu  Islands,  Hawaii,  *>nd  south  Africa.  It  nay  already  have  been 
Introduced  elsewhere  in  subtropical  regions. 

This  species,  like  others  of  its  genus,  is  capable  of  doing  very 
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rreat  da-are  to  -vooa  in  contact  with  the  ground  or  which  can  be  gotten 
to  bvnennfof  shelter  tubes.  It  will  also  Attack  books  *nd  paper  and 
the  L'lnr.ls  can  work  their  "-ay  through  brick  walls  oresurmbly  through 
cracks  in  the  mortar  which  they  enlarge.  It  has  also  been  recorded  s 
attacking  aenhalt,  lead,  and  other  unspecified  materials  overlying  wood 
work  '  The  passageways  which  it  nakes  in  the  ground  are  very  extensl  o 
and  the  nests  arc  usually  a one what  away  from  buildings  (connonly  in 
SawrU  in  the  base  of  poles)  and  Ehrhorn  nentions  that  the  species 
spreads  from  the  waterfront . along  city  streets  fron  one  role  to  another. 

Re  ti  cull  tomes  flavines  -  U.  S. :  erstern  subterranean  termite 

The  present  species  occurs  primarily  in  forested  regions  in  . 
eastern  North  America.  Its  northern  Unit  is  an  irregular  line  running 
from Newcnutle,  Maine,  through  tfest  Concord,  N.  H.  Bellows  Falls  Vt,, 
and  thence  westward  touching  extreme  southern  Ontario  "nd  ending  £he 
edge  of  Great  Plains.  From  this  line  it  ranges  southward  e-st  of  the 
Grc^t  Plains  to  the  Gulf  of. Mexico  and  into  northeastern  Mexico.  Its 
colonies  are  extensive  and  contain  veiy  many  individuals.  They. are  not, 
however  found  on  all  soils.  It  has  been  possible  to  work  out,  to  a 
certain’ extent,  the  real  Units  of  distribution  of  this  sncclcs  The 
minimum  temperatures  required  are  an  average  of  21°F  in  winter  and 
‘65°F  in  sunmer.  Both  of  these  minima  must  be  net.  The  species  also 
for*  its  nesting  a  well  drained  and  somewhat  loose  soil.  The 
rush  theU  wry^hrough  the  soli  rnther  then  excepting  nsss»ge- 
w"ys  the  wry  Se  true^nts  do.  It  Is,  therefore,  found  In  soil  tynee 
which  nre  snndy,  grnvelly  or  stony  rnd  Is  not  founa  In  the  northenst, 
in  anv  event  in  time  loams  or  heavier  soils.  In  addition,  it  has 
certain  fairly  definite  requirements  ns  to  the  chemical  composition  of 
the  soil.  I  have  been  able  to  determine,  experimentally,  th  t  it 
siirvivpi  well  In  soils  with  an  acidity,  expressed  as  pH,  fron  3*2  to 
g  2  This  species  appears  to  be  particularly  affected  by  the  quanti  y 
of  nagnesiun  carbonate  in  the  soil  *nd  I  have  not  had  good  survival 
above^2. 5$  of  this  salt.  This  percentage  represents  in  ny  tests  Just 
about  the  upper  limit  of  alkalinity,  but  other  tests  with  ^Rnoeiun 
sulphate  suggest  that  this  is  also  close  to  the  magnesium  limit.  It 
also  does ’not  survive  in  the  presence  of  more  than  of  calcium 
oarbonate  I  mention  these  details  mainly  to  suggest  that  the  local 
distribution  of  temltea  elsewhere  In  the  world  will  nrobrbly  cventurlly 
be  linked  to  slnllrr  soil  factors,  but  ns  yet  nlnost  nothing  hos  been 
flnne  t^  ewnnln-  then.  It  1?  kno-n  In  Unlnyn  thnt  one  of  the  nound- 
■  Gliding* tern? tea  occurs  only  on  lnterlte  soils  -nd  n  closely  related 
species  only  on  other  soils. 

The  eastern  subterranean  termite  ,,Tlll  attack  a  large  variety 
-  nntiw  woods  preferring,  of  course,  the  sarwood  to  the  heartwood 
o  ,  qone  cases  for  example  red  cedar,  scarcely  attacking  the  heart- 
wood  at  all.  I  have  also  records  of  its  attack  on  numbers  of  n on- 
native  woods,  mostly  rather  similar  to  native  spec.es.  In  addition, 
it  readily  attacks  pasteboard,  paper,  vegetable  parchment,  ana  cello¬ 
phane  as  well  as  cotton  cloth.  It  does  not  consume  material  with 
verv  great  rapidity.  Although  I  have  not  made  any  measurements  on 
the^ consumption  of  wood,  I  have  been  able  to  determine  in  the  case  of 
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PftT>cr  thnt  room  temperatures  the  pate  is  .002  cu.  nn.  ner  ternlte 
ncr  hour.  This  night  le»  cl  ono  to  gues?  that  *  colony  of  360  000 
Individuals  would  destroy  about  2  cu.  ft.  of  wood  ner  year.  *The 
colonics  in  this  snecles  are  longllved.  In  at  least  one  of  these  I 
found  evidence  for  the  continuous  infestation  of  a  building  for  at 
lenst  17  years.  In  addition  to  these  obvious  cellulose-containing 
substances,  this  termite  k-111  attack,  incidentally,  '  various  other 
Tjaterlnls  such  as  electric  Insulation  and  lead  foil.  In  the  laboratory 
1  have  secured  damage  to  paper  backed  with  tinfoil  of  a  thickness  of 
.0005  ,  but  the  rpte  of  destruction  was  about  1/5  that  of  paper  of  the 
sane  total  thickness.  In  this  instance  the  tin  was  identified 
chemically. 


iit  least  in  the  cooler  parts  of  its  range  this  species  retreats 
into  the  ground  in  the  winter  in  eastern  Massachusetts  from  early 
November  to  early  April.  However,  in  heated  buildings  it  will  work 
12  months  in  the  year.  Although  this  species  Probably  can,  to  some 
extent,  damage  mortar,  it  does  not  attack  good  concrete  and  on  the 
outer  face  of  foundations  will  not  ordinarily  build  up  to  wood  for  a 
distance  of  more  than  about  g".  Where,  however,  there  is  protection 
such  ns  on  inner  faces  of  foundations,  it  will  build  up  for  con¬ 
siderably  greater  distance,  probably  more  than  3  feet.  It  should  be 
pointed  out  that  most  of  the  tube  building  of  this  species  is  done 
(a)  to  establish  new- ground  connections  from  the  wood,  or  (b)  for  the 
energencc  of  winged  renroductives . 

I  personally  adhere  to  the  view  th?t  the  spread  of  colonies  is 
mostly  through  the  migration  of  supplementary  reproductives  (short 
winged) .accompanied  by  groups  of  workers.  These  supplementary  re- 
productlves  are  not  able  to  establish  new  colonies  without  the  aid  of 
wo  rke  rs . 

Although  pressure-treated  creosoted  wood. is  immune  to  this 
species  for  a  long  period,  a  properly  installed  metal  shield  is  the 
best  permanent  protection  for  new  constructior . 

In  connection  with  my  other  work  on  the  relation  to  soil 
composition,  I  have  some  indication  that  this  snecles  does  not  survive 
pn  admixture  of  1/4#  of  common  snlt.in  the  soil  nor  about  1/10#  of 
borax.  Either  of  these  substances  might,  therefore,  be  used  to  obtain 
cheap  but  very  temporary  protection. 

Family  Temltidae 

.This  family  includes  about  3/4  of  the  known  kinds  of  termites 
but  of  those  1200  or  no re  species  only  about  50  Are  of  any  interest 
to  us.  They  are  the  relatively  few  species  that  utilize  *bod  either 
fairly  directly  as  food. or  ns  a  material  upon  which  to  grow  fungi. 
Almost  all  of  then  are  tropical  and  most  of  the  damage  caused  by  them 
is  recorded  from  Africa.  The  members  of  this  family. «re  quite  variable 
as  to  habit.  Some  species  make  no  very  obvious  nestj  simply  burrowing 
into  the  ground  like  members  of  the  preceding  family.  Many  others 
Including  part  of  the  great  genus  Nasutltemes.  tend  to  build  nests 


Figure  24:  Nlggerhead  nests  of  a 
Nasutlterme* . 


soecies  of 


Figure  25:  A  male  erablld.  The 
adults  are  about  one  Inch  In 
length. 


Figure  26:  Female 
of  an  erablld.  Note 
the  absence  of  wings. 


of  cement,  wood  and  earth  well  above  the  ground.  Another  large  group 
builds  nound  nests  of  a  cement-like  nnterial.  The  colonies  are 
frequently  of  very  great  size,  perhaps  a  nilllon  or  more  Individuals 
and  they  are,  therefore,  capable  of  doing  n  great  deal  of  damage  If  ' 
they  attack  wood.  In  addition,  the  mounds  of  some  of  the  nound-bulldlng 
species  are  of  economical  significance.  They  Interfere  with  agriculture 
and  in  some  regions  with  the  construction  of  airplane  landing  fields 
However,  £he  substance  of  the  mounds  may  be  crushed  and  used  as  road* 
metal.  This  has  been  done  for  years  in  tropical  Africa  and  in 
Australia. 


3n5.  The  order  Enbloptera  -  embiids 

These  insects  are  generally  small  and  tend  to  live  in 
groups  in  silken  tunnels.  The  antennae  are  rather  long  and  thread¬ 
like.  The  insects  are  all  dark  in  color,  including  the  wings  if  they 
are  present.  The  young  resemble  the  adults  very  cormletely.  The  silk 
is  s nun  from  an  enlarged  Joint  near  the  tip  of  the  first  pair  of  legs. 

,  ,  ,  There  is  almost  no  certain  information  on  their  food 

which  is  probably  both  vegetable  and  animal. 


A  considerable  number  of  species  are  known,  practically 
all  of  then  being  found  in  the  tropics.  They  live,  on  the  whole  in' 
denp  and  dark  places. 


1  found  reference  to  damage  caused  by  one  species 

in  Senegal.  In  this  case  stored  cereals  and  peanuts  wore  injured 
not  apparently  by  feeding  but  by  the  webbing  of  the  embiids  and  by 
fermentation.  J 


It  seems  certain  that  this  unimportant  source  of 
damage  to  food. can  be  controlled  by  keening  the  materials  dry. 

3a6.  The  order  Psocontera  -  booklice  and  barkllce 

These  minute  and  often  wingless  Insects  could  be 
readily  confused  with  mites.  The  antennae  are  thread-like  and  many 
Jointed.  The  wings,  if  present,  are  usually  membranous  and  with  few 
veins.  In  some  cases  the  wings  are  reduced  tp  thlcknened  scales.  The 
first  segnent  of  the  thorax  is  noticeably  snail.  There  is  little 
metanomhosln  beyond  the  development  of  wings. 


The  smaller  members  of  this  fairly  extensive  order  are 
by  no  moans  well  known.  .The  species  of  northern  and  central  Europe 
hove  been  well  worked  out.  Those  of  the  rest  of  the  world  have  been 
scarcely  examined  nt  all.  ffe  can  assume  large  nunbers  of  appropriate 
species  in  the  tropics,  but  only  a  very  few  economic  species  have  ever 
been  recorded  from  such  regions. 

There  is  still  considerable  argument  over  the  economic 
status  of  this  group.  A  typical  book  louse  infestation  in  the  United 
States  begins  from  a  few  weeks  to  a  few  months  after  a  house  is  built 
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Figure  27:  Book- 
louse  or  psocid. 
The  adult  le 
about  1/25  of  an 
inch  long. 


Figure  28:  Grub. 
A  typical  caddie 
•on  (Anabolia). 


j 


Figure  29:  The  rice  moth.  a.  mature  moth 
*lth  wings  soread;  b.  side  view  of  moth  with 
wings  folded  as  it  is  seen  when  restig.  The 
moth  is  about  one- third  of  an  inch  long. 


and  while  the  plaster  Is  still  damn.  The  Place  is  overrun  with  them. 
But  within  a  year  or  so  the  plague  abates  spontaneously  unless  sone 
special  source  of  food  and  moisture  is  present. 

Various  booklice  have  been  found  in  connection  with 
grain,  cacao,  paper,  seed,  copra,  dried  animal  and  vegetable  materials 
generally,  starch  paste.  One  school  of  thought  contends  that  the  book- 
lice  are  feeding  only  on  molds  favored  by  damn  conditions.  The  other 
claims  that  while  the  molds  may  be  important  there  is  actual  attack  on 
the  substances  themselves.  My  own  observations  lead  me  to  believe  in 
the  reality  of  this  attack  at  least  so  far  as  dried  animal  matter  is 
concerned.  We  may,  however,  think  of  the  booklice  as  primarily  nuisance 
insects,  since  they  will  not  cause  great  damage  if  proper  methods  of 
storage  are  in  use. 

Specific  control  may  be  accomplished  by  keeping  the 
materials  dry, .by  heating  to  r  temperature  of  l4o°F.,  or  by  fumigation. 

3n7.  The  order  Ephemeroptern  -  mayflies 

The  adults  of  this  order  are  the  well-known  mayflies. 
The  young  stages  (called’ nymphs)  are  elongate,  active;  the  legs  are 
long,  the  antennae  short.  There  are  two  or  three  rather  long  tails 
and  usually  a  conspicuous  row  of  gills  down  each  side  of  the  abdomen. 

The  metamorphosis  is  gradual. 

Generally  the  nymphs  feed  on  vegetable  material, 
chiefly  minute  water  plants.  All  of  the  nynphs  are  aquatic 

The  only  report  of  damage  which  I  have  is  frcn  Siam,’ 
where  nymphs  of  two  species  were  reported  as  attacking  submerged  wood. 

The  damage,  however,  was  sufficient  In  this  case  to  bring  them  to 
notice. 


There  are  probably  fewer  than  a  thousand  species  in 
this  order,  but  only  those  of  the  north  "empernte  zone  are  well  known. 
They  are  certainly  abundant  in  some  parts  of  the  tropics.  However, 
the  fact  that  only  one  report  of  damage  seems  to  be  extant  suggests 
that  such  damage  is  very  rare. 

Under  the  circumstances  it  does  not  seem  worth  while 
to  take  any  special  precautions  against  mayfly  attack  on  submerged 
wood. 

3ag.  The  order  Trlchoptera  -  caddis  flies 

These  small  or  moderate-sized  insects  greatly  resemble 
moths  in  appearance  and  color.  The  antennae  are  long,  thread-like. 

The  wings  are  covered  with  hairs  rather  than  scales.  The  nind  wings 
are  broad,  usually  being  partially  folded  at  rest.  The  larvae  are  all 
aquatic  and  resemble  caterpillars  to  a  considerable  degree.  Usually 
they  provide  themselves  with. cases  made  of  bits  of  wood,  leaves,  or 
sand  grains,  the  material  being  held  together  by  silk,  and  they  are 
commonly  called  caddis  worms.  The  metamorphosis  is  complete. 
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in  other  cases  ani£llf°0d  °f  the  larV8e  18  ln  eome  oa8ea  v^^bU  and 

Caddis  worms  are  found  in  almost  all  bodies  n-r  »«t0« 
!°™  “7C!  1".  considerable  abundance.  The  adult  a  fly  freely  often  It’ 

significance?  ^  ™ter’  *"  hablta  of  the  »***•"»  ^  no  eelnolje 

* 

» -  «  .  .  There  are  very  few  reports  of  damage  bv  caddis  wnnna 

sr)ec-f  8  hfls  been  reported  damaging  submerged  wood  work  in 
the  Great  Lakes.  No  details  are  available  on  this  casf. 

In  Porthern  Europe  about  ten  species  are  well  known 
as  damaging  submerged  woodwork  or  the  nets  of  fishermen  All nf ST" 

S.,eLf"  ln  '»*  «*«.  nnd  there  ere  few  o“S»  sleclcl  S  * 
the  group.  It  has  been  ascertained  that  the  worms  actually  cut  into 
the  material  and  swallow  the  fragments.  y  cut  into 

There  are  a  considerable  number  of  n-opnina  ..i _ 
more  than  2500  known,  and  many  of  these  occur  in  the  north  tenpprrtp 

wood  could  he  avold^H™  he* Irly 

work  and  to  cordage  by  tarring.  It  nay  well  bo  that  the  denari  a  not 
important  enough  to  warrant  the  use  of  special  Preventive  measures. 

3^9.  The  order  Leoldoptera  -  moths  and  butterflies 

mafn.  .  ..  ,  Although  everyone  knows  butterflies,  the  important 

hnvp  tL°fnithlS  2rdfr  are  not  by  nny  neans  conspicuous.  The  adults 
o??  °f  Wlng8’  covered  scales  which  are  easily  rubbed 

£££•  hl  +  wln£8  0re  Sene  rally  nuch  broader  than  the  fore  wings 

"hGJ  ^5*e8ent:>  oonslst  of  ft  sucking  tube  which  is*  *  ' 
c  lied  under  the  heed  when  not  in  use.  The  metnnorrhosis  is  complete 
The  larva  is  a  caterpillar,  that  is  to  say,  an  elongate,  cylindrical 
somewhat  worm-like  animal  with  three  Pairs  of  short  true  legs  on  the' 

fn?fleXin£din0t  n°re.thnn  five  ualrs  of  false  legs  on  the  abdomen.  Each 
XPS  is  a  short  Process  provided  at  its  end  with  a  number  of 
minute  hooks  and  a  sucking  disc.  These  false  legs,  if  present  in  full 
number,  are  found  on  the  third  to  sixth  and  the  tenth  abdominal 

^  is  usually  enclosed  ln  a  silken  cocoon  which  may 

be  reduced  ln  the  food  material  or  at  some  distance  from  it.  y 

-  ,  _  ^  T*1®  e??s  of  moths  are  generally  laid  on  or  in  the 

of?pn°L^e  °®Jerr'lllar-  T*1®  young  caterpillar  Milch  hatches  out  is 
f  n  extraordinary  minute  and.  slender;  as  a  consequence  although 

*Trnlly/ble  t0  rf orate  tough  material  they  can  go 

Thf  i ?  !Jtrira?}y  8mfl11  0T)enlnKS  -  in  one  instance  .004"  in  dlemetef 
The  length  of  time  required  for  the  completion  of  larval  life  is 

t^!neiy  vfirled  pending  not  alone  uuon'the  s^clSrSut  u£n 
temperature,  available  food,  and  moisture.  The  ere ole a  may  lien  nass 


Figure  30:  Full-grown  cateroillar  of 
the  rice  moth.  The  full-grown  cater¬ 
oillar  ie  about  one-half  inch  long. 


Figure  31 :  The  tobacco  moth.  The 
moth  ia  about  one- third  of  an  inch 
long. 


Figure  32:  Full-grown  cateroillar 
of  the  tobacco  moth.  This  cater¬ 
oillar  is  about  one-third  of  an 
inch  long. 


> 


the  winter  ns  n  caterpillar.  So  far  ns  the  moths  with  whi^h  we  are 
concerned  go,  It  Is  probably  safe  to  say  that  most  of  them  overwinter 
either  as  caterpillars  or  os  nurme.  Unless  the  rural  st^ge  overwinters 

i»rJnh5'»Uh1Jy/',lrlyi1Sh0rt;v.  Thf“ulcn,?th  °f  llfe  °t  «ip  Mult  is  pxtrenplv 
variable  but  Is  usually  rather  short  In  the  rest  species. 

Slnce  the  larva  of  a  moth  Is  equipped  with  chewinc 
mouth  rarts,  It  Is  able  to  attack  a  very  large  variety  of  hard  end 

T™?r  d£yJnaterl!;lsl  Xt  seems  llkely  that  virtually  all  of  the  rest 
srecles  began  as  feeders  on  seeds  and  from  there  progressed  to  the 

products  of  the  seeds.  The  group  of  clothes  moths  still  retain  to  a 
considerable  extent  this  ancestral  habit  and  feed,  In  addition  on 
miscellaneous  materials  which  may  be  found  In  association  with* seeds 
such  as  hair,  and  a  few  srecles  have  become  almost  exclusively  feeders 
on  dry  protein  substances,  such  as  wool,  fur,  and  feathers.  A  few  of 
the  srecles  which  I  have  Included,  such  as  the  rotato  tuber  moth  and 
the  semltrorlcal  army  worm,  are  rrlmarlly  feeders  on  fresh  riant 
materials  which  may  continue  to  feed  on  the  same  materials  after  they 
are  brought  Into  store  and  occasionally  on  dried  materials. 

The  food  of  the  adults  Is  entirely  fluid  as  is 
demanded  by  the  structure  of  the  mouth  parts,  The  adults,  therefore 
are  not  capable  of  doing  any  damage  which  concerns  us  excert  levlnc  ' 
eggs.  Many  of  the  adults  do  not  feed  at  all.  ‘ 

Caterpillars  are  soft  bodied  and  although  they  do  not 
require  very  large  amounts  of  moisture  In  their  food  they  are  usually 
found  In  rlaces  where  evaporation  la  reduced.  The  nest  species  tend 

to  S,f?UjLJS;  on\ the  ™t8rlnl>  they  nay  not  po 

to  great  depths  In  a  bln  of  grain,  and  many  of  the  species  further 

T?3eCVhe!n0elve,B  by  avoldln*  the  light  and  by  spinning  tubes  of 
silk.  Consequently,  tw0  of  the  chief  control  measures  against  food’ 
infesting  moths  are  the  provision  of  abundant  light  and  ventilation 
Because  of  the  dependence  of  the  caterpillars  of  a  number  of  species 
on  their  silken  tubes,  they  are  also  not  prone  to  infest  articles  which 
are  frequently  moved  or  disturbed.  c 


I  have  already  considered  most  of  the  points  which 
ln  connection  with  the  damage  done  by  moths,  but  we  nay 
add  that  they  produce  abundant  excreta  which  contaminates  much  more 
food  than  Is  actually  Injured  by  feeding.  The  excreta  of  moths  are 
more  conspicuous  than  those  of  any  other  nest  group,  except  the  roaches 
In  addition  much  material  Is  destroyed  by  the  webbing  of  the  caterv- 
pillars.  Well-grown  caterpillars  are  able  sometimes  to  Perforate 
quite  resistant  materials  such  as  heavy  Paner,  cloth,  and  even  metal 
foil,  although  their  powers  ln  this  respect  are  considerably  less  than 
those  of  the  beetles  or  the  termites. 


The  LepldoPtera  ln  which  we  are  Interested  are  mostly 
rather  snail  species  of  dull  coloration.  For  these  reasons  among 
others,  they  are  not  very  well  known  and  I  have  been  able  to  secure 
rather  scanty  Information  about  their  near  relatives.  The  preservation 
of  such  animals  ln  condition  for  Identification  Is  difficult.  The 
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Figure  33:  Cocoons  of  the  tobacco  noth  spun 
beneath  a  floor  board  of  a  tobacco  warehouse 
for  the  purposes  of  overwintering  and  Duoation. 
These  cocoons  are  about  one-third  of  an  Inch 
long. 


Figure  34;  Mediterranean  flour  moth.  A, 
larvae,  B  and  C,  adults,  dorsal  view;  D, 
oosltlon  of  moth  when  at  rest  from  side.  The 
adult  moth  Is  about  one  inch  long. 


noths,  a?  opposed  to  the  caterpillars,  are  frequently  not  taken  In 
association  with  the  food  of  the  latter  so  that  exoeditions  do  not 
bring  back  many  such  soecies  with  biological  information.  I  cpn  only 
therefore,  make  some  rather  unsatisfactory  surmises  with  reeard  to  the 
general  distribution  of  possible  pest  species.  57e  nay  note  first  that 

Lrva™foJyrln  ,0f  the  r0!,lly  „re  cosmopolitan ,M 

several  of  them  have  no  very  close  relatives.  There  are  orobablv  a 

vn^nna1*1^  nuJber  eeed-infe sting  soecies  in  the  trooics.  The 
0of'ye  clothes  moths  seem  to  be  more  numerous  in  the  Old 
.  ^  tropics  than  in  the  New  World.  It  must  be  noted  especially  that 

in  the  genus  Tinea  a  very  large  number  of  the  soecies  are  not  known  to 
be  clothes  moths  but  are  feeders  on  seeds.  * 

.  _  P10  control  of  moths  Is  largely  covered  in  the  various 

parts  of  section  4,  but  it  remains  to  sneak  briefly  here  of  what  is 
known  ns  moth  proofing.  This  Is  the  treatment  of  fntr^s  wnS  Unions 
chemicals  to  render  them  Inedible  to  moths.  There  are  a  very  larc-e 
number  of  substances  which  hnve  been  nrooosed  for  this.  Unfortunately 
It  seems  to  be  quite  well  established  thnt  no  one  neterlel  -ill  "rotiit 
ags.lnst  all  of  the  tyoes  of  Insects  which  cm  Injure  fnbrlcs:  This  Is 
particularly  troublesome  in  the  attemnt  to  protect  against  both  clothes 
moths  and  carpet  beetles.  It  is  fairly  well  agreed  that  a  few  material 

ThiJhLEUi?n  fPnlly  offer  tJ?e  hQR*  protection  against  clothes  moths. 
This  is,  of  course,  not  a  chemical  family,  but  a  trade-mark  family*  and 
of  these  various  materials  Eulan  CN  is  regarded  as  the  best  for 
oerraanent  moth  proofing. 

Corcyra  ccphalonlca  -  U.  S. :  rice  moth  or  wolf  moth;  English*  rice 
moth;  Dutch;  rljstmot 

,  ThlS  c°8rnoPolltan  moth  is  usually  thought  of,  as  its  common  names 
snow  as  a  rice  insect.  It  is  not  by  any  means  restricted  to  rice  but 
attacks  a  variety  of  seeds  and  «  few  other  materials.  The  list  of  sub¬ 
stances  includes:  rice;  corn;  leguminous  seeds,  Including  r>0a nuts*  ’ 
cacao;  coora;  dried  currants;  army  biscuits;  manufactured  chocolate. 
Although  cacao  is  Infested  by  many  insects  there  are  surorl singly  fe" 
.mostly  moths)  recorded  from  manufactured  chocolate. 


In  summer  in  teraoe rate  regions 
development  in  23  to  42  days.  We  may  exoect 
year  in  such  regions  and  perhaps  twice  as  many  in 


the  rice  moth  conoletes  its 


five 


or  six  generations 
the  tropics. 


The  rice  moth  is  killed  at  3.20°  -  130°F. 
no  special  information  on  control. 


Other  than  this  there  1 


Eohestla 


cautella  - 

tn 


West 
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Australian;  dried  fruit 


African:  cacao  moth;  U.  3.:  fie  noth; 
official;  almond  moth;  German:  Dattelmotte ; 

noth;  Dutch;  chocoladenot 


Tt  JCxerP'1*0fAte  nePr  relp^v8s  this  soecies  is  cosmooolltan. 

It  is  recorded  as  feeding  on  a  variety  of  fruits  and  seeds.  It 

appears  to  show  a  slight  preference  for  oily  materials.  The  various 
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2t7fi:*lCL^e  t0  U  8U^est  that  it  nay  have  somewhat 

nWnin?*  h  in  dllferent  regions.  Although  the  Dutch  call  it 

chocolate  noth  I  do  not  find  any  record  of  Its  actually  attacking 

aboSt dflv«°h iUl®;*  The  devei°Jrent  und©r  tropical  conditions  requires 
the  troolcs^6  bjt  there  Pre  ststcd  to  be  5  or  6  generations  a  ye^r  In 


The  caterpillars  can  penetrate  tinfoil, 
oener,  but  do  not  penetrate  IS-nesh  wire 
refer  to  rather  'veil  gronrn  larvae. 


aluninun  foil 
gauze.  This  nust, 


,  and  greased 
of  course. 


In  the  case  of  copra  It  has  been  found  that  the  caterolllprs 

Af rlrn^nn  ?£lsturf  content  above  5#.  Sone  work  has  been  done  In  ffeet 

•nJnioa  o  „th  controi  thls  species.  The  general  procedures  recon- 
mended  are  scrupulous  cleanliness,  frequent  whitewashing  of  walls  and 

u„avin^"  alleyway  between  the  store  room  and  the  outside  walls.  It 
has  been  founo  that  the  moths  can  be  trapped  by  using  a  sticky  naterlnl 
such  as  blrd_UneJ,pplled_  to  hanging  strands  aid  they  nay  also  bo 


4-  «  -  a  ^  . ^  v  a  uiiuo  uiivjr  i:i 

.rappea  in  soapy  water,  six  parts  of  soap  per  thousand, 


"phestla 


elutella  - 
~5erman: 


U.  S.  official:  tobacco  moth;  U. 
Kakeonotte  or  Heunotte 


S. 


chocolate  moth; 


In  suite  of  Its  official  name  this  is  n  dried-fruit  moth  which 
5J®  «  nane  for  itself  by  attacking  manufactured  chocolate.  I 

find  the  fol  owing  foods  listed:  currants,  raisins,  and  other  dried 

lrcosnonoUtanr  '*  "”alnUt6t  CACn0’  chocol«te;  tobacco.  This  soecles 


.  ..  It  has  been  foun^  that  the  larvae  can  penetrate  tinfoil  aluminum 
foil,  and  greased  Darner  but  not  lg-mesh  wire  gauze.  These  results 
presumably  are  based  on  well  grown  larvae.  results 

The  noth  has  an  optimum  temperature  of  66-gg°F.  -phe  ninln,,n 
temperature  for  development  is  said  to  be  RQo-Sgop  The  lowPr  tPnnnM 
tnre  i.  none  likely.  It  require*  at  lerat  10*  of  nolaVure  in  its 
food..  The  development  takes  60  days  at  75°-SO°F.  This  ne^ns  a 
J^opUn  of  °  generations  a  year.  The  tobacco  moth  can  be  killed  at 

Ephestln  kuehnl^lla  -  u.  S. :  Mediterranean  flour  noth;  German: 

hehlmotte;  French:  paplllon  grls  do  la  ferine*  Dutch* 
noelnotje  (The  correct  scientific  name  of  this  species 
i0  —•  §g.rlcnrlun,  but  I  use  the  nemo  found  in  the 
economic  literature.) 

* 

at  o?,ny  other  lnP°rtant  species  this  one  is  cosmopolitan. 

Although  best  known  as  a  grain  and  flour  pest,  its  attack  on  other 
foods  is  not  unimportant.  I  find  reported:  dates,  chufa  figs  almonds 
nuts  raisins,  cacao,  chocolate,  army  biscuits,  beins,  dried  peppers  ’ 

«dd?t^*ntnD’  f  d  rg0tnble£i  "Jelly  cu*es\  stored  potatoes,  in  ' 
praln  and  meal.  The  larvae  do  not  penetrate  paper  but 
can  pass  through  tiny  openings. 


Figure  35 J  The  Mediterranean  flour  moth, 
a.  moth;  b.  same  from  side,  resting;  c.  cater- 
^upa ;  e.  abdominal  Joint  of  grub. 
i"c  lefthand  segment  showe  a  typical  false  leg. 
The  moth  Is  about  seven-eighths  of  an  Inch  long. 
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Figure  36 
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Figure  37 s  The  Indlan-meal  moth, 
a.  moth  with  wings  8 ore ad;  b.  moth 
with  winge  folded  *8  It  Is  usually 
seen  when  resting;  c.  a  well-grown 
caterolllar  on  a  kernel  of  wheat. 
The  moth  Is  about  fire- sixteenths 
of  an  Inch  long. 
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Development  requires  g  to  9  weeks  In  summer..  The  eggs  hatch  only 
between  £3°F  and  90°F,  although  the  lowest  temperature  for  development 
Is  said  to  be  46°F,  I  have  found  no  data  on  moisture  requirements. 

This  flour  moth  Is  killed  at  115°F  In  3  hours  and  at  10°-15°F 
In  4  days,  but  old  larvae  and  pupae  withstand  32°F  for  several  months. 

Measures  against  this  moth  are!  cleanliness,  screening:  of  open¬ 
ings,  abundant  light  and  ventilation. 

Plod la  lnterpunctella  -  U.  S. :  Indian-meal  moth;  English:  dried  fruit 
moth;  Australian:  lesser  dried  fruit  moth;  German! 
Dorrobstmotte;  Japanese:  noshime-koguga. 

This  moth  is  both  cosmopolitan  and  abundant.  It  lnfegts  a  wide 
variety  of  foodstuffs  including  corn  and  other  grains  and  their  pro¬ 
ducts;  seeds  and  nuts  such  as  walnuts,  cottonseed  meal,  chestnuts, 
dried  peas,  beans,  soybe°ns,  peanuts,  almond b,  coffee;  dried  vegetables 
including  tea,  dried  carrots,  dried  radishes;  dried  fruits  such  as 
dates,  currants,  dried  banana,  dried  nectarines,  prunes,  chillies; 
some  drugs;  chocolate  (see  below);  nougat;  floor  dust. 

The  mature  larvae  can  penetrate  tinfoil,  aluminum  foil,  greased 
paper,  walnut  shells  but  not  lg-mesh  wire  gauze.  Eulan  treated  fabrics 
are  not  touched. 

There  are  one  to  six  generations  a  year  depending  on  temperature. 

The  optimum  temperature  is  about  S30F  and  development  takes  place 
between  52°  Pnd  S9°F.  The  optimum  moisture  in  the  food  is  lg%. 

The  adults  die  at  once  at  117°F  or  in  30  minutes  at  II30F  and 
at  IOO-15OF  in  5  days.  Dried  fruit  can  be  disinfested  at  1450F  in 
10-15  minutes.  It  has  been  recommended  that  packaged  fruit  be  heated 
to  125°-l30OF  for  one  hour  after  packing  and  sealing.'  In  Germany  the 
eggs  were  found  to  be  killed  at  1 %  soft  soap  solution. 

It. has  been  found  that  a  fresh  coating  of. chocolate  does  not 
attract  the  females  and  a  thick  coat  will  protect  fruit  cakes,  marzi¬ 
pan,  etc.,  but  an  old  coating  is  not  protective. 

The  larvae  spoil  much  more  food  than  they  consume  by  webbing  it 
together  with  silk  as  they  move  about.  At  the  time  of  pupation  the 
caterpillars  crawl  up  away  from  the  food  and  by  choice  seek  angles  at 
the  top  of  bins  or  containers  in  which  to  spin  their  cocoons.  In 
manufacturing  and  packing  plants  the  thorough  cleaning  of  such  places 
is  of  great  importance. 

Sltotroga  cerealella  -  U.  3.:  Angoumols  grain  moth;  German: 

Getreidemotte;  Italian:  vern  tlgnolo  del  grano;  Dutch: 
rljstraot;  Spanish:  polllla  del  trigo  or  polilla  del 
grano;  Mexican:  palomllla 

This  cosmopolitan  species  first  came  to  notice  in  southern 
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Figure  3*5;  Case  bearing  clothea 
moth.  a.  adult;  b.  caterpillar;  c. 
caterolllar  In  case.  The  adult 
moth  1 8  about  one  Inch  long. 


Figure  39s  Diagrammatic  v lew  of  edge  of  carnet 
showing  from  left  to  right:  eggs  of  webbing 
clothes  moth  on  olle  of  first  row;  adult  noth 
resting  on  second  tuft;  caterolllar  nrotrudlng 
from  tube  constructed  on  the  warp  between  the 
second  and  third  tufts  and  feeding  upon  the 
olle  of  the  third  tuft;  end  of  pupa  in  a  cocoon 
built  on  the  warp  between  the  third  and  fourth 
tufts;  and  caterolllar  crawling  down  over  the 
too  of  the  fourth  tuft.  This  moth  is  about  one 
fourth  of  an  inch  long. 


Europe,  but  it  may  not  be  native  to  that  part  of  the  world.  It  is  one 
of  the  very  serious  pests  of  stored  grain,  but  does  not  customarily 
attack  other  materials.  It  is  recorded  from  beans  and  peas.  Although 
is  is  so  well  known  in  stored  grain  it  is  also  an  important  field  nest 
and  some  workers  believe  that  large  infestations  in  stored  grain  are 
primarily  of  field  origin.  It  is,  therefore,  not  unlikely  that  this 
would  be  the  chief  grain  moth  that  uninfested  stored  grain  would  ac¬ 
quire  in  the  tropics.  It  is  also  a  species  particularly  likely  to  be 
introduced  if  purchases  of  local  grain  are  made. 

The  minimum  temperature  required  for  reproduction  is  about  50°F 
and  the  maximum  95oF*  Under  tropical  conditions  the  development  may 
require  as  little  as  23  days.  This  insect  is  relatively  resistant  to 
high  temperatures.  It  is  killed  in  l£  hours  by  exposure  to  l4o°F  and 
in  small  samples  of  grain  has  bepn  killed  in  15  to  20  minutes  at  1760F. 
The  amount  of  moisture  required  seems  to  be  somewhat  high,  about  12% 
in  wheat  and  over  1^%  in  sorghum. 

Tlneola  blselllella  -  U.  S.  :  webbing  clothes  moth;  English:  common 

clothes  moth;  German:  Kleidermotte;  French:  teigne  des  ve'te- 
raents. 

Like  many  familiar  pests  this  moth  has  become  cosmopolitan. 
Although  best  known  for  its  attack  on  wool,  it  feeds  also  on  other 
materials:  casein,  fish  meal,  baled  human  hair,  fur,  grain,  groats, 
vetch  seed.  It  does  not  attack  clean  silk,  and  wool  without  fat  is  not 
a  very  satisfactory  diet. 

It  has  from  one  to  four  generations  per  year.  The  optimum 
temperature  is  770F  and,  although  the  larvae  will  stand  temperatures 
down  to  17£°F,  development  does  not  occur  below  506F  nor  above  95°F, 

The  eggs  are  killed  at  32°F  and  the  larvae  at  l6°F. 

The  adults  fly  rather  reluctantly  preferring  to  crawl  between 
folds  of  fabric.  The  caterpillars  spin  silken  tubes  as  they  feed! 
Clothing  which  is  frequently  disturbed  is  nearly  immune  to  damage. 

Newly  hatched  larvae  can  pass  through  openings  as  small  as  0.004  inch?  s 
in  diameter. 

3al0.  The  order  Coleoptera  -  beetles  and  weevils 

This  Immense  group  contains  about  one-quarter  of  all 
the  known  kinds  of  animals,  and  it  is,  therefore,  not  surprising  that 
it  proves  to  contain  more  than  hplf  of  the  known  insect  pests  of  stored 
materials;  in  all  more  than  500  species. 

Beetles  are  minute- to- large  insects,  "lthough  nore  of 
the  pest  species  seem  to  exceed  about  3/4  of  an. inch  in  length.  The 
fore  wings  are  modified  as  horny  wing  cases  which  partly  or  completely 
cover  the  abdomen  which  is  normally  soft  on  top.  In  many  beetles  the" 
two  wing  cases  are  soldered  together  and  the  insects  are  not  capable 
of  flight.  The  hind  wings,  if 'present,  are  longer  than  the  fore  wings, 
membranous,  and  folded  under  the  wing  cases  when  at  rest.  The  meta¬ 
morphosis  is  complete.  The  larva  is  a  grub,  usually  with  three  pairs 
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present.  ’  Th^nupFl^elther^nke^or^enolos'1^! legS  <re  exoeotlon»lly 
’"hlch  Is  usually  not  silken f  enclosed  in  gone  sort  of  a  cocoor 

loosely  among  it,  ™r  1^^ ^to^the™^  t0  the  food*  ^ 

openings  or  in  a  perforation  made  by  the  fempl pheJyby  w’ny,  of  natural 
often  penetrates  directly  into  the  fond  n^?ale*  Tne  grub  on  hatching 
of  the  material  at  a  11.  J»h?ther  thff  0t  RDDenrlng  °n  the  outsit 
habits  of  the  Particular  species  e  wVr,n^  deT5ends  the 
perhaps  more  variable  aaong  the^different lnrval  period  is 
the  insects  we  are  dealing  with  It  mav  ha  f  1  thRn  ln  flny  other  of 

in  the  case  of  many  beetles  attain  be  comparatively  few  days 

years,  in  the  cas^of  some  of  thek1^5i°»8,/.0£  lt:  may  ext«nd  to  severe 
for  somewhat  the  same  causes  that  lcr%  *t  vr.rfe 

generally  sneaking,  the  length  of  th^in  8t?d  under  the  moths,  although 
beetles  is  consldeekblo,1^n^/L‘rtLT2e\e^1^i?h:rd-b°r1^  ’ 

methods  are  used  to'orotect^he^uoa *  and  rily  form  ooooons.  other 
in  the.  last  larval  stage,  which  bores  w  *  any  8pecles  this  occurs 
which  is  not  its  ordinary  food  fomfni  «  Z°nl  nnter1-nl,  sue*  ,nG  „.00d 

occurs.  The  ounal  oerSS  is  ordfn^i?v  *  £2^  '"hlch  the  ™oa  ’ 

when  overwintering  occurs  it  t^nHomo  nnther  short.  Consequently 
the  grub  or  the  efult?  *  tends  raore  fre<!uently  to  be  t-y  means  if 

any  substance  that^nny Oother°oest 88  ,',whole>  feed  on  virtually 
exception  Is  that  tJTbieiLs  Sf  not  °n>  ThP  °"ly  »■“ 

than  very  exceptionally.  But  as  will  S  hi  I.  person,  other 

IS  a  certain  amount  of  soeclalltcti™  Vn  each' ^J^^^resently,  there 

conceivable  si tuatlon^and^t ^rhnrdlv^ohhh!  "'T  00?ur  ln  almost  any 
tlons  on  the  habitats’ In  which  thoy^  Sc  expected.0"01-  ^  rePtrl°- 

aotual  digestion  of' Material ^and3  in  pert10!^0"*18?8’  r,nrt>  of  the 
nowder.  In  addition  the  beetip«  *«!!*  1!  chysic/?l  breakdown  to 

Inhabit  their  food  with  the  onnqpm  0d  VeTu  st:ronPiy  to  permanently 
be  found  in  the  material  This  leaden?  th?t  tholr  de"d  remains  nay 
of  scavenging  beetles  which  nay  \n  $LnltU°  *ttractlne  ™rioue  so^ts 
original  material;  The  c^pra  beetle  snd^e 8  d°  80ne  dannPe  to  the 
excellent  example  Ihey  seem  Tlnolt  St  rlatlve 8  *re  an 

tacked  other  insects,  but  they  are  able  to  faL  n  6  orl*lnnlly  «t- 

protein  materials  Slnep  both  tul  aDie  t0  feed  on  fire  at  variety  of 

have  strong  biung  moJSh  oa??s  ttey°“"£  TJh*  of  bp0«^ 

to  penetrate  a  greot  variety  of  lnedfbia  abx  f  8  Particular. tendency 
except  hard  nettle  and  concLto  Inedible  substances.  Almost  nothing 

especially  serloJe  since ‘’SeTtL'i  go  Thllli 

th°  e™b  °r  the  8dult-  »  ~x  be^nerforated  by°  & 
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of  egg  laying;  and  finally  the  larva  Just  before  ruination  does  its 
share  of  such  damage. 

It  is  hardly  profitable  to  generalize  on  the  distri¬ 
bution  of  possible  injurious  species  of  beetles.  The  order  is  too 
large  and  too  varied.  However,  I  discuss  below  a  number  of  the  more 
important  families  and  have  included  the  possible  distribution  of  other 
injurious  species. 

The  control  of  beetles  obviously  depends  on  the  sort 
of  material  infested.  So  far  as  those  attacking  food  are  concerned 
the  methods  used  against  food  insects  generally  are  adequate  and  those 
'"’ill  be  described  in  section  4. 

Control  of  wood  boring  beetles  consists  (a)  in 
preventing  their  access  to  the  ,,rood.  In  some  cases  paint  or  varnish 
is  all  that  is  necessary,  but  in  other  cases  they  will  nenetrete  such 
finishes  and  one  must  use  something  stronger,  such  as  creosote*  and 
(b)  the  elimination  of  infestations  already  established.  This’ is  rather 
troublesome.  Not  only  are  the  burrows  frequently  small,  long  and 
tortuous,  but  the  penetration  of  any  poisonous  substance,  whether  gas 
or  liquid,  is  rendered  still  more  difficult  by  the  frass  which  largely 
fills  the  burrows  of  the  majority  of  the  wood  boring  beetles.  It  is 
rather  customary,  where  possible,  to  cut  awry  as  much  as  possible  of 
the  infested  wood  and  then  thoroughly  spray  the  wood  with 
orthodi chlorobenzene.  TI  is  method  of  treatment  is  facilitated  by  the 
narked  preference  of  the  Insects  for  san.wood  and  has  been  utilized 
quite  successfully  in  old  buildings  where  the  large  square  beams  had 
sacwood  only  at  the  corner.  It  is,  of  course,  less  feasible  in  modern 
construction  where  many  of  the  boards  are  entirely  saowood.  In  such 
coses  coracle te  reolacenent  nay  well  be  the  only  answer  to  a  serious 
infestation. 


The  last  lmoortnnt  situation  in  which  beetles  must  be 
controlled  is  the  infestation  of  w0ol  and  similar  animal  oroducts.  In 
such  ersea  the  method  of. choice  is  fumigation,  but  this  necessitates 
as  a  rule,  not  only  the  fumigation  of  the  material  but  also  the  building 
in  which  it  la  contained.  This  arises  from  the  rether  interesting  fact 
that  the  dernestld  beetles  which  are  resconsible  for  oractlcally  nil 
such  infestation  do  not,  as  adults,  feed  on  animal  products  to  any 
great  extent.  Instead  they. seek,  on  the  whole,  to  escoce  from  the 
building  and  to  visit  nearby  flowers.  They  accumulate,  consequently 
about  the  windows  of  houses,  Then  they  are  ready  to  lay  their  eggs  * 
they  again  reenter  the  building  and  seek  accrocrlrte  material.  As  a 
consequence  Infestation  by  carnet  beetles  nay  arise  very  easily  without 
the  introduction  into  a  building  of  any  infested  material.  This  is  of 
course,  quite  different  from  our  North  American  clothes  moths  in  which 
the  infestation  spreads  from  one  eource  of  food  to  the  next.  Con¬ 
siderable  work  has  been  done  in  the  attempt  to  find  adequate  materials 
for  beetle  proofing  fabric.  A  very  disappointing  result  of  these 
investigations  has  been  the  discovery  that  n  given  material  acts  well 
against  moths  or  against  carpet  beetles,  but  generally  not  against  both 
Certain  rather  fugitive  treatments  are  fairly  good  against  both  p*rouos 
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nl °nen°f  thes*  ifl  sodlun  aluminum  sillcofluoride.  So  far  as 
carnet  beetles  alone  go,  Dr.  Back  of  the  Department  of  Agriculture 

dy  e  °ba  th  t D2$ ^by  ^  ve  igh t f ^ ^  ny  1  n  e  t  ha  n  e  s  ul  Ph  on  i  c  ^ld  applied  In  the 

Family  Anoblidae.-  Furniture  beetles,  deathwatch  beetles;  German* 
Pochkafer 

nils  very  considerable  family  of  some  900  species  is  associated 
primarily  with  the  sapwood  of  logs  that  retain  their  bark  but  *  *  * 

certain  number  of  species  have  gone  over  to  other  habitats  lars-elv 
sapwood  **ithout  bark  over  it,  and  a  few  have  deserted  wood’entlrelv 
and  appear  as  book  worms  and  as  pests  of  a  very  large  variety  of 
vegetable  products.  (See  beyond  under  tobacco  beetle  and  drug  store 
beetle.)  It;  is  probable  that  veiy  much  remains  to  be  learned  of  the 
distribution  of  this  family.  The  species  are  mostly  small  and  not 
very  readily  reared  on  account  of  the  nature  of  their  habits.  As  at 
present  known  the  relatives  of  the  economic  species  are  predominantly 
in  the  north  temperate  zone  and  especially  in  Europe  and  Asia.  The 
genus  Anpjbium  contains  about  35  species  and  is  cosmopolitan  in  distrl- 
outlon.  The  species  are  wood  borers.  Calymnaderus.  another  important 
wood  boring  genus  contains  60  species  whick  are  almost  entirely  con¬ 
fined  to  the  western  hemisphere.  The  same  restriction  is  true  of  the 
nearly  100  species  of  Catoraria.  a  genus  which  has  a  strong  tendency  to 
invade  various  plant .  products  such  as  paper,  grain,  and  tobacco. 
Lgglpderma,  which  contains  the  tobacco  beetle,  Includes  about  35  species 
of  wide  distribution.  Sltodrepa  contains  but  one  species,  which  is 
now  cosmopolitan.  Almost  nothing  is  known' of  the  habits  of  the  species 
confined  to  Africa  and  the  Oriental  region, 

Anoblun  punctatun  —  U.  S.t  furniture  beetle;  German:  Totenuhr 
gestrelfte  Holzbohrkafer;  Dutch:  klookevertje.  1 

This  species  is  the  best  known  of  the  wood  boring  anobllds.  It 
Is  especially  prevalent  in  Europe,  but  has  been  Introduced  widely  in 
other  temperate  regions.  Aside  from  timber  where  it  generally  Infests 
the  sapwood,  it  also  attacks  books  and  linen  cloth.  In  Tasmania 
eucalyptus  timber  is  apparently  immune.  The  development  is  quite  slow 
requiring  from  2  to  3  years. . 

Las lode ma  serrlcorno  -  U.  S. :  cigarette  beetle;  German:  kleinor 

Tabakkflfer;  Italian:  tarlo  del  tabacco;  Dutch  East  Indian* 
tabaksboeboek. 


This  cosmopolitan  beetle  has  made  its  reputation  as  a  pest  of 
cured  or  manufactured  tobacco,  but  few  insects  show  a  wider  choice  of 
dried  plant  foods.  The  list  is  remarkable  enough  to  give  in  detail 
Stored  tobacco,  rice,  corn,  starch,  cacao,  cottonseed  end  cottonseed 
meal,  beans,  peanuts,  coffee  beans,  cumin  seeds,  pumpkin  seed,  tamarind 
seed,  aniseseed,  sugar,  copra,  dried  figs,  dried  dates,  raisins,  dried 
bananas,  saffron,  cayenne  pepper,  ginger,  curry  powder,  paprika  nut- 
turmeric,  orris  root,  opium,  liquorice,  belladonna,  curcuma  root 
rhubarb  root,  ergot,  stramonium,  hyoecyanus,  pyrethrura  powder,  stored  ' 
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Figure  40;  The  tobacco  beetle. 
Dupa;  c.  adult;  d.  side  view  of 
antenna.  Thla  beetle  Is  about 
inch  long. 


a.  larva;  b. 
adult;  e. 
one-eighth  of  an 


Thr^dult  at^hAbi  ?°lycaon  and  wox*  In  wood, 

To  it.  th  left  18  nearly  an  Inch  long. 

To  its  right  are  egge  and  a  grub.  ^ 


wax  of  the  suwarie  palm  (Cocos  corona ta) .  dried  yeast,  dried  fish 
preoared  fish  food,  cane  and  rattan  work,  books,  gun  wads,  upholstery 
rugs,  tapestries,  silk.  The  moral  of  such  a  list  1$  that  the  Intro-  ’ 
auction  of  an  infested  material  into  a  storehouse  may  lead  to  the 
infestation  of  apparently  very  dissimilar  materials. 


The  adults  will  gnaw  through 
and  the  young  larvae  can  penetrate 
paper,  and  cellophane. 


various  fabrics,  including  linen 
twill,  packing  paper,  sisnlkraft* 


_  °Pt^inuni  temperature  is  $0°F  and  the  optimum  relative  humidity 
is  75*  Development  requires  six  to  seven  weeks  in  the  tropics  and 
its  minimum  temperature  is  55°^  nnd  nilnimum  relative  humidity  30-45# 

The  minimum  moisture  content  required  in  cacao  is  Just  under  6*. 

lnsects  are  killed  in  2  hours  at  130°F  and  in  15  minutes  at 
14ooF  and  also  at  2$°F  in  7  davs.  They  have  been  controlled  in  books 
by  keeping  the  books  at  14o°-145°F  for  6  hours. 

Sltodrepn  panlcea  -  U.  S. :  drugstore  beetle;  German:  Brotktffer. 

Like  t^ie  cigarette  beetle  this  insect  belongs  to  a  family  of  wood 
borers  but  attacks  almost  any  dry  material  except  wood.  It  is  now 
cosmopolitan.  The  list  of  substances  attacked  includes:  grain  and 
cereal  products  including  baker1 s  goods  and  breakfast  foods;  numerous 
seeds,  among  others  coffee,  beans  and  peas,  various  drug  plants* 
pepper,  chocolate;  ice  cream  powder;  books;  cloth  containing  glue 
paste  or  casein;  leather;  bamboo,  and  to  a  lesser  degree;  the  lvorv  of 
mahjong  pieces  where  the  glue  was  the  primary  attractantl 

The  development  is  rather  slow,  66  to  230  days  and  the  optimum 
temperature  is  between  79°  and  S3°F. 

Family  Bostrichldae  -  the  false  powder  post  beetles. 

It  will  be  seen  by  consulting  the  appendix  that  a  very  large 
number  re Inti ye iy  of  species  in  this  family  are  known  to  be  economically 
significant  since  the  family  includes  only  about  500  species.  The  great 
majority  of  these  species  attack  more  or  less  well— se°soned  wood  Only 
a  rather  few  have  gone  over  to  other  food  materials,  of  those  the  most 
important  is  the  lesser  grain  borer,  the  only  species  in  its  genus, 
me  family,  ns  a  whole,  is  beet  represented  in  the  tropics  primarily 
on  continents  or  large  islands  and  is  not  well  represented  in  Australia. 
The  false  powder  post  beetles  tend  to  prefer  the  wood  of  broad  leaved 
trees,  and  many  of  them,  like  the  lead  cable  borer,  are  able  to  pene¬ 
trate  considerable  thicknesses  of  lead.  A  few  species,  chiefly  in  the 
genus  Pi node ru s,  are  especially  prone  to  attack  bamboo,  and  some ' of 
these  species  are  also  reported  from  edible  roots  and  from  grain. 

Pinoderus  mlnutus  -  U.  S. :  bamboo  borer 

The  genus  Dinoderus  is  especially  prone  to  invade  bamboo  nnn 
some  of  its  members  have  taken  to  attacking  a  variety  of  other  more  or 
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less  woody  materials,  particularly  stored  roots.  This  soecies,  which 
occurs  throughout  the  tropics  and  into  the  southern  United  States,  Is 
recorded  from  drugs,  spices,  tobacco,  grain,  cacao,  chestnuts,  dried 
bananas,  and  a  few  other  materials.  It  shows,  therefore,  a  very  great 
tendency  to  Infest  seeds.  Although  J.t  Is  not  considered  one  of  the 
serious  oest  Insects,  It  would  aooear  that  It  might,  under  appropriate 
conditions,  become  quite  destructive. 

Heterobostrychus  aequalls 

Several  species  In  this  genus  have  been  reported  from  timber  and 
the  one  mentioned  here  Is  the  most  widely  distributed,  having  been  found 
In  several  localities  In  the  Old  World  tropics  and  having  a  narked 
tendency  to  appear  In  commerce.  It  nonears  to  show  a  decided  preference 
for  lmoorted  soft  woods,  such  as  those  used  In  boy.  making.  It  infests 
the  same  wood  continuously,  making  burrows  about  1/g  Inch  in  diameter. 

It  has  also  been  recorded  as  boring  into  tin,  oresumably  In  an  attemot 
to  escape  from  wood  when  mature.  It  might  be  exoected  nearly  anywhere 
I  in  the  warmer  parts  of  the  Old  World. 

I 

Rhlzooe rtha  domlnlca  -  U.  3.:  lesser  grain  borer,  woodbug;  German: 

Getrelde-Kapuzlner 

This  la  the  most  lmoortnnt  seed  infestant  among  the  false  oowder 
oost  beetles  and,  In  addition  to  a  variety  of  grains,  It  also  attacks 
wood,  leather,  books,  drugs,  and  some  other  materials  of  similar 
character.  It  has  become  soread  over  the  whole  world  although  It  Is 
much  more  frequent  in  warmer  regions.  PerhRPs  ns  a  consequence  of  its 
grain  dwelling  habit,  the  life  hlBtory  is  comparatively  short,  being 
about  one  month. In  th^  eumner.  This  soecies  has  proven  to  be  particular] 
serious  where  grain  Is  stored  In  the  open  and  very  large  populations 
may  be  built  up.  This  was  the  case  in  Australia  during  the  first  World 
tfar  and  has  subsequently  been  observed  In  the  United  States.  The  beetles 
require  rather  high  temperatures,  but  little  reproduction  occurring 
below  SOof  nnd  the  optimum  temperature  is  about  95°F.  Correspondingly' 
they  do  not  require  much  moisture,  the  minimum  being  under  in  grain. 

It  is  not  always  easy  to  determine  the  presence  of  an  active  Infestation. 
The  beetles  themselves,  If  cool  or  disturbed,  take  refuge  within  the 
Infested  grains.  However,  if  the  grain  is  put  by  quietly  In  a  warm 
place  they  will  again  come  out  end  begin  to  move  about.  They  can  be 
killed  In  3  minutes  at  122°F, 

Family  Buprestldae  -  Flat-headed  borers. 

In  spite  of  the  great  size  of  this  family  (more  than  11,000  species 
only  a  comparatively  few  attack  wood  other  than  thst  of  living  plants, 
and  I  give  the  family  separate  mention  mainly  because  the  adults  are 
large  and  brilliantly  colored  for  the  most  part,  and  are,  therefore, 
very  likely  to  be  seen  and  perhaps  accused  of  damage  to  which  they  pre 

Inot  related.  The  genera  which  are  known  to  attack  more  or  less  seasoned 
wood  ar?  largely  continental  In  distribution  and  very  widespread.  Of 
the  genera  that  I  have  listed,  only  3  contain  more  than  a  handful  of 
species.  These  are  Chrysochroa.  with  66  species  extending  from  Eastern 
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Asia  and  Indo-Malaya  to  Aroboir.a;  Buorestls.  with  79  species  which  is 
cosmopolitan  except  for  the  Pacific-  islands;  and  Chrysobothrls.  with 
525  species,  which. has  the  same  distribution  as  Buorestls. 

Family  Calandridae. 

This  rather  small  family,  which  is  very  closely  related  to  the 
true  weevils,  seems  to  contain  but  4  economic  species.  However,  two 
of  those,  the  rice  weevil  and  the  granary  weevil,  are  of  great  importance 
As  is  the  case  with  many  of  the  true  weevils,  these  insects  use  the 
long  beak  for  the  purpose  of  boring  holes  into  the  food  in  which  the 
eggs  are  then  inserted.  They  do  not  restrict  themselves  entirely  to 
boring  such  holes  in  actual  food  but  may  bore  them  through  various 
materials.  In  the  laboratory  I  have  seen  such  holes  through  heavy  paper 
covered  with  lead  foil.  Generally  speaking,  the  young  undergo  their 
entire  development  within  a  single  seed,  and  a  grain  of  wheat  or  rice, 
is  quite  large  enough  for  this  purpose.  Calnndra  itself  is  a  rather 
small  genus,  most  of  its  species  being  found  in  the  Old  florid  tropics. 

The  only  other  genus  of  which  I  have  note  is  My ocala ndra.  with  5  soociee, 
only  two  of  which  occur  outside  of  Madagasca r ,  th o s e  be i ng  Indo-Malnyan 
to  Australian.  Most  of  the  other  species  in  the  family  are  found  in 
the  Old  World  tropics, 

Calandra  granarla  -  U.  3.:  granary  weevil;  Spanish:  gorgojo  (a  rather 
general  tern  for  weevil);  German:  Kornkafer.  . 

This  is  a  member  of  a  small  family  of  seed  eaters.  It  has  be¬ 
come  domesticated  to  the  extent  of  almost  abandoning  an  outdoor  life 
in  favor  of  stored  products,  chiefly  grains.  The  species  is  cosmo¬ 
politan.  Its  foods  are:  stored  grain,  rice,  buckwheat,  acorns,  chufa; 
ginger;  currants;  figs.  The  larvae  can  penetrate  kreft  paper. 

The  most  rapid  development  is  29  days;. in  grain  in  Germany  there 
are  two  to  three  generotions  a  year.  The  optimum  temperature  is  77?F 
and  egg-laying  occurs  between  53^°  nnd  91^°F.  No  development  takes 
place  below  5Q°F  although  the  adult  win  live  up  to  6  weeks  at  31°F, 

The  optimum  relative  humidity  is  93$  pnd  the  larvae  do  not  mature  at 
less  than  44^.  The  minimum  moisture  required  in  wheat  is  9^$  hut  seems 
to  be  more  in  some  other  materials. 

Egg-laying  is  probably  similar  to  that  of  the  rice  weevil. 

The  adults  can  survive  a  summer  in  northern  Europe  without  food. 
They  arc  killed  in  3°  ralnutes  at  131°F. 

Calandra  oryzae  -  U.  S. :  rice  weevil;  South  African:  maize  weevil 
German:  Relskafer;  Australian:  common  grain  weevil. 

This  species  is  similar  in  its  habits  and  distribution  to  the 
preceding.  The  differences  in  the  list  of  materials  attacked  as  shown 
in  the  appendix  are  not  consequential.  It  does,  however,  differ  In  sur- 

Ivivlng  under  much  drier  conditions,  the  best  relative  humidity  being 
below  56/6  and  in  requiring  somewhat  higher  temperatures,  the  optimum 
temperature  being  &4oF.  As  a  consequence,  it  does  not  tend  to  become 
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established  In  cool  regions.  It  apparently  requires  slightly  less 
moisture  than  the  grannry  weevil,  although  the  difference  here  Is  not 
entirely  certain. 

Family  Carabldae  -  Predacious  ground  beetles 

Members  of  this  family  are  certain  to  be  seen  anywhere  outside  of 
the  Arctic  regions,  but  only  very  few  of  them  have  taken  to  eating  any¬ 
thing  other  than  small  animals.  There  are,  however,  a.  few  hundred 
species  of  seed  eaters,  mostly  from  the  northern  hemisphere  and  mostly 
attacking  seeds  in  the  gound.  It  Is  very. likely,  however,  that 
occasional  species  will  be  seen  in  Infested  material  where  they  are 
probably  feeding  on  other  insects  present. 

Family  Ceranbycldne  -  Longhorned  beetles,  round-headed  borers 

This  Important  family  comprises  more  than  14,000  speclag,  most  of 
which  are  borers  In  the  wood  of  living  or  freshly  cut  trees,  and  a  few 
only  in  other  materials,  chiefly  dry  wood.  A  large  number  of  the. species 
are  of  considerable  size  and  able  to  penetrate  fairly  hard  materials 
so  that  there  are  a  number  of  records  of  the  larvae  damaging  lend.  As 
is  the  case  with  the  Buorestldae.  the  "dults  of  this  family  are  con¬ 
spicuously  colored  and  very  abundant,  especially  in  the  tropics,  and 
hence  many  adults  will  be  seen  which  "re  in  no  way  associated  with 
economic  damage.  They  are  particularly  likely  to  be  found  on  flowers. 
Those  that  hove  been  associated  with  seasoned  wood  or  similar  materials 
*re  for  the  most  part  found  in  the  northern  hemisphere  with  rather  fewer, 
species  occurring  in  the  tropics.  This  is  probably  a  defect  of  our 
knowledge  rather  than  a  real  restriction  on  the  activities  of  the  family. 
The  genera  In  which  these  economic  species  occur  are  mostly  of  rather 
moderate  size,  and,  therefore,  so  far  as  our  present  knowledge  goes, 
extensive  damage  from  pound-headed  borers  is  not  to  be  anticipated. 

Hylotrupcs  ba.lulus  -  U.  S. :  house  beetle,  porter  beetle;  German: 
rfausbock 

Although  this  beetle  Is  found  throughout  the  cool  temperate  parts 
of  the  northern  hemisphere,  it  Is  much  better  known  in  Europe  than  In 
America.  In  Sweden,  for  example,. It  is  considered  the  number  one 
enemy  of  houses,  and  In  some  parte  of  northern  Europe  40#  or  more  of 
the  wooden  buildings  are  Infested.  It  prefers  the  sapwood  of  coniferous 
trees  and  generally  avoids  hard  wood,  particularly  oak.  In  spite  of 
its  relative  abundance  In  northern  Europe,  it  evidently  requires  rather 
elevated  temperatures  and  it  has  been  shown  that  It  Is  especially 
prevalent  In  roof  beams  and  more  likely  to  occur  under  a  slate  roof 
than  under  thatch.  It  may  develop  in  wood  with  as  little  as  of 
moisture  and  its  life  cycle  requires  4  or  5  years.  It  has  also  been 
reported  as  penetrating  lead.  In  wood  the  burrows  arc  elliptical  In 
section  and  nearly  1/4  inch  In  greatest  diameter.  The  only  region  In 
the  United  States  In  which’ it  is  reported  at  all  frequently  is  that  of 
the  Middle  Atlantic  States. 

Infestations  in  northern  Europe  have  been  successfully  controlled 
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in  summer  by  heating  the  upper  p$rt  of  the  house  to  a  temperature  of 
about  140°F  for  several  hours.  This  requires  on  eventual  oir  tempera¬ 
ture  in  the  attic  of  about  170°F. 

Family  Clerlda  -  Checker  beetles 

This  species  with  which* we  are  concerned  out  of  this  family  of 
about  2J00  species  are  mostly  the  rather  aberrant  relatives  of  the  genus 
Necrobla.  Without  being  too  cautious  biologically,  we  may  suggest  that 
this  general  group  of  checker  beetles  is  adapted  to  feeding  on  insects 
occurring  in  burrows  and  from  that  habit  they  have  to  some  extent  tended 
to  attack  the  materials  on  which  their  original  prey  was  feeding  or 
other  animal  products.  This  is  ^specially  true  in  Necrobla.  Most  of 
the  other  species  probably  do  little  or  no  damage,  but  are  fairly  fre¬ 
quently  found  in  infested  material.  Necrobla  itself  comprises  9  species 
on  the  whole  cosmopolitan,  thr^e  of  which  are  already  well  kno™n  as 
infestantp  of  a  great  variety  of  materials.  They  are  for  the  most  part 
metallic  dark  blue. beetles  frequently  narked  with  a  small  amount  of  red 
or  yellow.  The  pupa  is  somewhat  remarkable  in  being  enclosed  in  a  net- 
like  silken  cocoon. 

rufloes  -  U.  S.:  copra  beetle,  red-legged  hnn  beetle; 

German;  rotfussige  Schinkenkftfer,  biaue  Schinkenkflfer 

Undoubtedly  this  cosmopolitan  beetle  was  orlerinally  a  Predator  on 
other  insects.  It  still  retains  this  habit  to  some  extent.  It  seems 
not  unlikely  that  it  nay  have  specialized  on  demestid  beetles.  In  any 
event  it  now  attacks  particularly  the  same  sort  of  materials  that  the 
dermeetlds  attack  and  some  other  materials  that  are  apparently  a 
peculiar  food  of  the  present  species.  It  is,  however,  difficult  to 
determine  whether  all  of  the  materials  listed  in  the  appendix  are  truly 
food  of  this  beetle  since  the  adults,  at  least,  seen  to  have  p  strong 
tendency  to  wander.  Most  of  the  materials  which  the  red— legsrcd  ham 
beetle  is  known  to  feed  on  are  more  or  less  oily  and  it  seems  to  bo 
particularly  attracted  by  rancid  fat. 

Its  development  is  fcirly  rapid,  a  little  over  one  month  in  warm 
weather.  The  larva  is  rather  slender  and  active  and  the  pupp  uniike 
the  case  in  most  beetles,  is  enclosed  in  a  net-like  silken  cocoon.  It 
is  evidently  important  to  prevent  the  access  of  this  beetle  to  foods 
rather  than  to  try  to  cure . the  infestation  after  it  has  become  establlshe 
At  least  two  other  very  similar  beetles  hpve  been  taken  in  the  same 
general  sorts  of  materials. 

Family  Crypt oohagidao 

In  Europe  especially  members  of  this  family  arc  reported  with 
considerable  frequency  from  store  houses  and  deposits  of  various  food¬ 
stuffs  and  some  of  the  species  have  become  fairly  widespread.  They 
appear  for  the  most  part  to  be  feeders  on  molds,  but  they  are  able  to 
do  some  damage  to  grain  products  and  dried  fruits.  The  genera  in  which 
such  damage  is  known  are  predominantly  of  the  north  temperate  zone  but 
the  species  are  fairly  easily  carried  about  with  connerce.  * 
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figure  47:  The  broad- nosed  gniln  weevil: 
a,  full-grown  grub;  b,  ouoa;  c,  adult 
weevil.  The  adult  weevil  Is  slightly  less 
than  one-eighth  of  an  Inch  long. 

lstlc  long  antennae. 

Body  not  more  than 
l/l6  of  an  inch 
long. 


figure  46: 

Adult  of  the  flat 
grain  beetle, 
showing  character- 


figure  4gj  The  common  carpet  beetle: 
a,  grub;  b,  ouoa  within  the  old  cast-off 
skin  of  the  grub;  c,  pupa;  d,  adult 
beetle.  The  adult  beetle  Is  about  3/l6  of 
an  inch  long. 


Family  Cu cujidae. 


Host  of  the  members  of  this  family  are  of  no  importance,  but  one 
genus  Laemoohloeus  contains  a  number  of  species  that  do  more  or  less 
damage  to  grain  and  a  considerable  number  of  other  plant  products.  This 
genus  is  cosmopolitan  in  its  distribution  and  contains  about  325  species, 
30  that  one  might  anticipate  a  considerable  amount  of  damage  from  this 
source  especially  in  the  tropics.  We  must  point  out  also  that  the 
adults  of  this  genus  in  a  few  cases  are  known  to  bite  man. and  are  for 
the  most  part  carnlvouous,  the  larvpe  being  scavengers  or  feeders  on 
injured  materials  where  thej.r  habits  are  definitely  known. 

Laemophlocus  nlnutus  -  U.  S. :  flat  grain  beetle 

This  small  cosmopolitan  beetle  is  given  merely  as  an  example  of 
a  number  of  closely  related  beetles.  These  s0ec3.es  ere  probably  none 
of  them  primary. pests  of  grain.  That  means  they  do  not  attack  uninjured 
grain  but  require  that  it  be  in  some  way  injured,  either  intentionally 
or  accidentally.  One  or  more  of  these  night  be  expected  almost  any¬ 
where  in  the  world,  particularly  in  the  tropics. 

Family  Curcullonldne  -  weevils 

In  spite  of  the  vast  size  of  this  family  (about  30,000  species) 
and  it 8  tremendous  importance  in  agriculture,  there  are  relatively  few 
species  which  attack  materials  of  interest  to  us.  These  species  fall 
into  three  groups:  (1)  A  very  few  species  that  normally  occur  on  grow¬ 
ing  plants  and  which  may  carry  over  to  stored  material.  These  species 
are  largely  tropical  in  their  distribution.  (2)  A  slncrle  species,  the 
broad-nosed  grain  weevil,  which  is  able  to  breed  both  in  growing  seeds 
and  in  stored  seed.  In  addition,  it  also  attacks  various  roots.  (3) 

A  number  of  species,  all  closely  related  to  each  other  and  to  the  broad¬ 
nosed  grain  weevil,  which  bore  in  wood.  So  far  as  I  can  m"kc  out  these 
species  require  wood  which  has  been  somewhat  affected  by  decay.  Those 
species  (of  group  3)  which  have  been  ascertained  to  cause  economic 
damage  occur,  for  the  most  part,  in  the  north  temperate  zone,  but  the 
group  as  a  whole  is  highly  remarkable  for  the  very  large  proportion  of 
its  species  which  are  restricted  to  islands,  especially  the  Hawaiian 
Islands,  Madagascar,  St.  Helena,  and  Now  Zealand.  Some  species,  how¬ 
ever,  are  known  from  all  of  the  temperate  rnd  tropical  parts  of  the 
world. 

Caulophllus  latlnrsus  -  U.  S. :  broad-nosed  grain  weevil;  German: 
breltriissellge  Kornknfer 

This  weevil  is  widely  distributed  in  the  western  hemisphere  and 
Europe.  It  is  quite  closely  related  to  a  considerable  group  of  weevils 
that  attack  more  or  less  decayed  wood.  It  feed6  on  seeds  and  roots, 
but  as  would  be  expected  from  the  habits  of  its  near  relatives,  it  is 
not  able  to  attack  hard,  ripe,  uninjured  grain.  In  summer  the  life 
cycle  requires  about  one  month.  It  can  be  controlled  by  methods  appli¬ 
cable  to  fruit  insects  generally.  None  of  its  near  relatives  have 
been  reported  as  damaging  foodstuffs. 
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Figure  49:  Immature  grubs  of  the  common  caroet 
beetle  feeding  on  cloth.  The  two  lighter  colored 
objects  on  the  lower  oart  of  the  cloth  are  cast 
skins,  "he  grubs  are  about  3/16  of  an  Inch  long. 


Figure  Black  caroet  beetle,  a,  grub; 

b,  oupa;  c,  adult.  The  adult  beetle  Is  about 
three-sixteenths  of  an  Inch  long. 


( 


Family  Dernestidae  -  Carpet  beetles,  larder  beetles,  etc. 

ffe  ordinarily  associate  the  members  of  this  family  with  damage  to 
more  or  less  dried  materials  of  animal  origin,  ne*t  and  wool  In 
particular.  But  they  are  by  no  means  confined  to  such  foods  since  a 
few  sp  cies  have  achieved  some  importance  as  grain  nests,  and  orobablv 
most  of  the  species  will  attack  seeds  in  default  of  more  congenial  food 
They  also  cause  a  certain  amount  of  miscellaneous  damage  to  wood'  in 
particular  through  their  habit  of  burrowing  into  fairly  solid  materials 
for  pupation.  The. group  is  especially  well  represented  in  the  northern 
hemisphere,  particularly  in  the  case  of  those  genera  for  which  actual 
damage  is  recorded.  However,  relatives  of  the  cabinet  beetles  of  the 
genus  Trego derma  are  quite  numerous  in  the  tropical  parts  of  the  western 
hemisphere,  and  some  damage  might  be  expected  in  those  areas  by  species 
not  yet  on  the  list.  The  family  is,  for  the  most  part,  very  poorly 
represented  in  Australasia  and  the  Pacific  Islands,  although  Trogodern* 
Itself  is  an  exception,  since  it  provides  nost  of  the  native  Species  of 
Australia  and  New  Zealand. 


Anthrcnus  scrophularlae  -  U.  S. 
Kablnettkhfer, 


common  carpet  beetle;  German: 
Tepoichkafer 


-his  cosmopolitan  beetle  nay  be  taken  as  a  satisfactory  example 
of  a  very  considerable  number  of  species  that  have  become  major  pests 
of  woolens  and  furs.  The  present  species  is  regarded,  in  nost  ports  of 
the  north  temperate  zone,  as  the  chief  beetle  attacking  such  materials 
and  certainly  appears  to  prefer  them  to  dead  insects,  "filch  are  a  usu«l 
article  of  dipt  of  its  various  relatives.  The  adult3  feed  little  if 
at  all,  on  animal  materials  and  are  commonly  found  on  flowers  ’"here  they 
obtain  pollen.  However,  they  lay  their  eggs  on  protein  materials  ap¬ 
propriate  for  the  larvae.  Several  of  the  species,  including  this  one 
also  attack  grain  products.  The  life  cycle  lasts  approximately  one  year 
In  temperate  regions,  in  any  event,  the  beetles  overwinter  ns  ouone  or 
young  adults. 

Att_a_genue  plcous  -  U.  S.  :  black  carpet  beetle;  German:  sch^arze  Pclzh^fer 

This  insect,  like  so  many  other  important  economic  species  is 
now  cosmopolitan  and  frequently  very  abundant.  It  is  perhaps  the  most 
usual  of  the  derncstid  beetles  in  eastern  North  America.  It  attacks  a 
considerable  variety  of  protein  materials,  especially  heavy  fabrics  and 
in  addition,  \rnrlous  seeds.  It  is  also  of  sone  repute  as  a  bookworm 
The  larvae  are  able  to  penetrate  cardboard  containers.  The ‘ species ' re¬ 
quires  from  6  months  to  3  years  to  complete  its  development.  No  develop¬ 
ment  occurs  below  5Q°F  and  the  best  temperature  is  about  77°F.  Like  the 
preceding  species  it  tends  to  leave  buildings  when  adult  and  return  to 
then  for  egg  laying.  It  is  not,  however,  ordinarily  seen  on  flowers. 

Dcrmestos  lrrdr.rlus  -  U.  3.:  larder  beetle;  German:  gemcine  Speckka'fer 

„  This  species  also  is  now  cosmopolitan  aad  regarded  in  northern 
^urope  as  the  most  common  species  of  its  genus.  As  can  be  seen  from 
its  name,  it  is  especially  associated  with  food  stores.  It  is  however 


96 


Figure  53:  The  Mexican  Grain 
beetle:  a,  beetle;  b,  grub; 
c,  puna;  d,  leg  of  grub;  e# 
antenna  of  grub.  The  adult 
beetle  Is  about  3A6  of  an 
inch  long. 


Figure  54:  Cortlcarla 
pube scene.  Adult.  T£s 
length  is  about  1/g  of 
an  Inch. 


a  rather  uncommon  beetle,  as  a  rule,  in  the  United  States.  This 
probably  is  because  of  the  difference  in  food  storing  techniques  in  the 
two  regions.  It  is,  of  course,  rather  customary  in  this  country  to 
store  smoked  and  salted  neat  in  refrigerators  where  they  are  not  avail¬ 
able  to  insects,  while  in  Europe  such  products  are  stored  in  pantries 
and  insects  can  get  at  then.  In  the  appendix  will  be  found  a  con¬ 
siderable  list  of  substances  in  which  this  beetle  has  been  found.  It 
is  one  of  the  very  f?w  insects  which  is  able  to  attack  natural  sponges. 

It  will  also  be  seen  that  it  penetrates  lead  and  tin  rather  readily, 
but  not  other  metals.  The  genus  Dermestes  is  especially . noteworthy  for 
its  habit  of  burrowing  into  soft  wood  for ouoation  and  when  the  beetles 
are  abundant  they  nay  do  considerable  damage  in  this  way.  The  develop¬ 
ment  requires  from  5  to  9  weeks  and  the  optimum  temperature  is  fairly 
lor,  about  66°F. 

Dernestes  vulnlnus  -  U.  S. :  hide  beetle;  German:  Dornsoeckkafer; 

South  African:  skin  beetle 

This  very  widely  distributed  beetle  is  the  one  customarily  seen 
infesting  shipments  of  raw  hides,  especially  from  South  Africa  and 
Australasia.  In  addition,  it  is  known  to  attack  various  other  sub¬ 
stances.  In  sheep  hides,  with  the  wool  on,  it  has  very  much  the  habits 
of  a  carpet  beetle;  that  is,  each  larvae  excavates  a  burrow  through  the 
wool,  next  the  skin  and  when  th<?  insects  are  numerous  the  wool  falls 
away  from  the  skin  in  matches  when  handled.  In  addition,  the  skin 
will  be  more  or  less  penetrated.  The  development  requires  from  5  weeks 
to  S  months  and  the  optimum  temperature  appears  to  be  above  SO°F.  Hides 
nay  be  protected  by  storing  at  ^0°F  or  lower.  Investigations  in  South 
Africa  have  brought  out  that  the  proper  salting  of  hides  is  of  the 
greatest  importance  in  their  protection.  They  must  be  salted  strongly 
and  thoroughly  and  es  soon  as  possible  after  removal  from  the  animal. 

Family  Lethrldildne 

The  present  family  is  only  of  moderate  size,  about  500  species, 
but  almost  10  per  cent  of  these  species  have  been  recorded  as  infasting 
various  ptored  products  or  occurring  in  buildings.  It  sterns  to  be 
reasonably  certain  that  they  arc  secondary  infestents,  feeding  primarily 
on  molds.  Host  of  the  species  are  no  more  than  2  or  3  nn.  in  length. 

One  consequence  of  this  snail  size  is  that  they  are  best  known  from  the 
well-explored  north  temperate  zone,  and  comparatively  few  nre  reported 
elsewhere  in  the  world. 

Family  Lyctidae  -  The  powder  post  beetles 

The  economic  importance  of  this  family  is  quite  out  of  proportion 
to  the  small  nunber  of  species  which  it  contains,  probably  not  more 
than  50,  since  I  have  record  of  damage  by  fully  half  of  the  known  soeclee 
Almost  all  of  these  are  recorded  as  damaging  timber,  chiefly  the  sap- 
wood  of  broad-leaved  trees.  This  restriction  arises  from  the  habit  of 
depositing  the  eggs  within  the  pores  in  the  wood,  but  the  size  of  pore 
which  can  be  utilized  is  very  minute  -  as  yet  we  do  not  know  quite  how 
small.  More  or  less  extensive  damage  by  this  family  nay  be  anticipated 
almost  anywhere  in  the  world,  although  it  is  naturally  best  known  in 
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Figure  55:  a.  Old  florid 
oowderoost  beetle;  c,  grub; 
b,  European  powderpost 
beetle.  The  adults  are  about 
one-fourth  of  an  Inch  long. 


Figure  56:  Bean  weevil;  a,  beetle; 
b,  grub;  c,  ouna.  This  beetle  le  about 
one-eighth  of  an  Inch  long. 
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Zurooe  find  North  America.  A  few  species  specialize  on  bamboo,  and  have 
caused  nuch  damage  in  the  Orient.  A  still  smaller  number  of  species 
have  other  habits,  particularly  that  of  burrowing  into  roots  of  cassava 
end  derris.  flood  is  infested  continuously  by  rodder  post  beetles  end 
nay,  therefore,  be  very  seriously  damaged.  Egg  laying,  which  takes 
Olece  fit  the  surfece  of  the  wood,  can  be  prevented  by  plugging  the 
oores  with  varnish  or  even  «'ith  oils.  This  does  not,  however,  etoo  the 
development  of  those  grubs  which  ere  already  in  the  wood. 

Lyctus  brunneus  -  Brasilian:  caruncho  da  mndera 

This  powder  cost  beetle  is  cosmopolitan,  although  not  frequent  in 
North  America  or  nost  of  the  tropics.  Like. the  other  species  of  Lyctus 
it  attacks  seasoned  wood  of  broad  leaved  tr°es.  It  is  able  to  complete 
its  development  within  the  plies  of  plywood.  fle  also  find  records  of 
attack  on  cassava,  and  on  lead  and  on  copper  roof  plates. 

Family  Hylabridae 

i 

Something  has  already  been  said  about  this  family  in  consideration 
of  the  insect  pests  of  peas  and  beans.  The  family  contains  more  than 
S00  species,  and  so  far  as  their  habits  are  known,  they  all  attack  seeds, 
with  particular  emphasis  on  the  seeds  of  legumes.  They  fall  into  two 
general  groups:  those  in  which  the  eggs  are  laid  on  the  pod  during  its 
development  and  in  which  fully  ripened  seeds  are  not  utilized  for  sub¬ 
sequent  egg  laying,  and  on  the  other  hand  those  species  which,  while 
they  nay  use  green  pods  for  egg  laying,  will  continue  to  lay  their  eggs 
on  dry  and  ripened  seeds.  Relatively  little  has  been  done  on  the  habits 
of  those  species  which  attack  non-leguninous . seeds,  but  it  is  known  that 
a  considerable  number  of  species  are  associated  with  the  seeds  of  palms. 
The  headquarters  of  the  family  are  in  tropical  America  which  possesses 
nearly  350  species.  About  200  occur  in  the  temperate  portions  of 
the  Old  World,  and  another  100  each,  in  the  temperate*  New  ,7orld  -nd  in 
Africa.  Native  species  are  quite  rare  elsewhere,  and  apparently  want¬ 
ing  entirely  in  the  Pacific  Islands.  As  is  so  often  the  case  the  most 
important  species,  like  the  bean  weevil,  have  become  thoroughly  cosmo¬ 
politan.  The  control  of  seed  weevils  is  rendered  difficult  by  ohe  fact 
that  the  larva  upon  hatching  emerges  through  that  portion  of  the  egg 
shell  which  is  firmly  in  contact  with  a  seed.  It  consequently  does  not 
appear  externally  until  it  has  completed  its  development. 

Mylabrls  obtectus  -  U.  S.:  common  bean  weevil;  German:  nmerlkanische 
Soeisebohnenk£fer;  Italian:  tonchio  del  fngoll; 

Argentine:  bruquldo  del  ooroto. 

This  species  is  undoubtedly  of  North  American  origin  but  it  has 
become  very  completely  cosmopolitan.  It  is  usually  thought  of  as  a 
pest  of  beans  like  the  navy  and  kidney  beans  (Phase plus  vulgaris)  but 
it  occurs  also  in  lima  beans  and  cowpeas,  as  well  as  sometimes  in 
common  peas,  field  peas,  Windsor  beans,  lentils,  chick  peas,  and  seeds 
of  La thy ru 3  sotlvus. 

The  development  requires  from  25  days  to  6  months,  in  Italy  there 
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Figure  5S:  The 
corn  sap  beetle. 

The  adult  beetle  ia 
about  one-eighth  of 
an  inch  long. 


Figure  59 i  Dutch  Wharf 
Beetle.  Yellow  with 
black  tips  to  the  wing 
covers  which  are  rather 
softer  and  flexible. 

The  grub  is  long  and 
worm- like.  Length  of 
the  beetle  about  1/2 
inch. 
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Figure  60:  The  cadelle. 
This  beetle  is  about 
one-third  of  an  inch 
long. 


Figure  6l:  Grub  of  the 
cadelle.  Length  about 
one-half  inch. 


?rne4r^ 

6H°  8nd  9^‘  ®»  l~ect.  a^oeli* 

...  v™f  species  1b  almost  exclusively  a  nest  of  stored  beans  And 
sn^ht^fiS?  ln  thS'1  contln”ouely  A?8troyln«r  a  lnrpe  cart  of  the  stock 

n«^o^  w1  f?.Un-thug1e  1116  adults  at  encrgence  -111  perforate 

oarer  but  not  closely  woven  cloth.  ^riorate 

Family  Nitidulldae 

a..  .  Jhis  considerable  family  of  rather  snail,  flattened  and  freouentlv 
hlning  beetles  comorises  some  2200  soecies  distributed  throughout  the 

An?1*’  fr  °f  these  hflve  been  associated  with  economic  orJdiicts 

and  most  of  our  knowledge  of  their  habits  is  Eurooean.  It  is  rather  ' 
commonly  assumed  that  the  nitidulld  beetles  are  scavengers  ThevPtt^v 
ns  wm  be  seen  tn  the  appendix,  on  the  whole  quite eTrtny  of  ™ S  Ji 
-1th  a  narked  tendency  to  fevor  dried  fruits.  There  le  ?o  rLlon  In 
which  we  would  especially  look  for  damage  by  members  of  this  family. 

£&rP?.phllus  dlmldlatus  -  U.  S. :  com  sap  beetle;  German:  Seftkafer 

This  species  and  the  one  following  are  both  cosmopolitan  This 
*s  ftjjraoted  to  many  foodstuffs  infected  with  molds.  It  sterns 

nnnp  In  nJtracJed  t0  the  sao  of  certain  olants  and  owes  its  American 
name  to  its  depredations  uoon  green  corn.  It  is  both  a  field  Pnd  a 
store-house  insect.  Neither  it  nor  the  following  seem  to  have  any  greet 
power  of  attacking  hard  materials.  They  are  found  in  the  flesh  of  dried 
fruits,  not  in  the  seeds,  and. in  shelled  nuts.  d 

Carpoohllus  hemloterus  - 
Saftkkfer 


U,  3.:  dried  fruit  beetle;  German:  genelne 


n-r  oi  Thf  drled“ffultrbeetle  is  primarily  attracted  by  fermenting  fruit 
f  nny  8°rt*  therefore,  is  reasonably  common  about  orchard* 

and  drying  yards.  It  is  highly  probable  that  the  beetles  themselves  are 
I^rn8lble;  ln  ™rt»  for  the  spread  of  organisms  causing  fernentPtion 
nnd'  ™ln8ner?  taken  ln  handling  the  fruit  both  at  processing 

completion  of  ordinary  drying  it  is  fairly  certain  to  be 
infected  with  microorganisms  ?nd  to  remain  attractive  to  the  beetles 

conditions,  nt  least,  this  beetle  also  attacks  various  grains 
bread  beans,  nuts,  and  copra.  The  period  of  development  is  extremely  ' 
variable,  ranging  from  20  days  to  several  months,  ly 

Family  Oedeneridae 

Only  a  very  few  species  of  this  family  pf  some  600  species  have 
been  recorded  as  doing  any  damage.  The  5  species  which  I  have  on  record 
all  attack  wet  and  more  or  less  rotted  timber.  They  are  consequently 

b  fJSeS5e?»l?^B«L!I?od^of^ook8»  T?.ier8»  «nd  bridges.  It  seems  to 


be  matter  of  indifference  to  then  whether  the  wood  is  wet  with  fresh 
water  or  with  salt.  The  known  damage  from  beetles  of  this  family  is 

and  the  genera  in  which 


■ - *  ~ x  unraage  rrom  Deet 

largely  restricted  to  Europe  and  North  America, 
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Figure  62:  Grubs  and  nuoae  of  the  cadelle: 

The  larvae  (a)  are  shown  In  the  galleries  they 
have  made  In  a  olece  of  timber,  and  the  oupae 
(b)  In  cells  hollowed  out  where  two  boards 
were  In  contact. 


Figure  63:  The  coffee-bean  weevil: 
a,  Adult;  b,  well-grown  grub;  c, 
tmoa.  The  adult  Is  about  three- 
sixteenths  of  an  Inch  long. 


the  economic  species  are  placed  ere  largely  restricted  to  the  temperate 
regions  of  the  northern  hemisphere,  but  It  Is  by  no  means  out  of  the 
question  that  some  damage  might  appear  almost  anywhere  in  the  world. 

Na cerda  nelanura  -  U.  S. :  Dutch  wharf  beetle 

This  is  the  best  known  of  the  economic  oedenerids. .  It  is  some¬ 
times  very  abundant  in  wood  that  has  become  softened  from  long  soaking 
in  seawater.  The  slender  wornlike  larvae  go  down  almost  to  the  actual 
water  line.  It  is  much  less  commonly  found  away  from  the  ocean,  al¬ 
though  it  has  been  recorded  as  far  inland  as  Indiana  and  in  some  other 
places  where  the  wood  is  certainly,  not  wet  with  seawater.  It  is  the 
general  opinion,  with  which  I  agree,  that  it  is  not  found  in  wood  which 
has  not  been  considerably  softened. 

Family  Ostomatidae 

Although  this  family  contains  nearly  600  species,  only  two  of 
these  species  have  achieved  any  noticeable  importance  as  pests,  and 
both  of*  these  chiefly  in  association  with  stored  grain,  although  they 
are  known  to  damage  a  variety  of  other  materials,  chiefly  foods  of 
vegetable  origin.  It  seems  also  fairly  certain  that  the  grubs  of  these 
beetles  are  to  some  extent  predacious  on  other  insects.  Incidental 
damage  is  done  by  the  cadelie  at  the  tine  of  ouortlon  since  like  the. 
Dermestldae  it  may  burrow  into  wood  for  shelter.  One  would  anticipate 
the  most  damage  from  beetles. of . this  family  in  the  New  World  tropics. 

Tenebroldes  nr.urltnnlcus  -  U,  S. :  cadelie;  German  Getreldenager 

This  species  is  one  of  the  best  known  grain  beetles,  probably  in 
good  part  because  it  is  fairly  large  and,  therefore,  even  a  few  will 
attract  attention.  It  has  been  found  associated  with  a  considerable 
number  of  seeds  and  their  products,  but  it  is  also  of  importance  because 
the  larvae  are  able  to  penetrate  various  materials  such  as  paper  and 
cardboard  and  in  mills  do  dnnage  to  the  bolting  silk,  At  the  time  of 
pupation  the  larvae  burrow  into  woodwork  and  often  do  great  damage. 

The  development  requires  fO  days  or  more.  The  optimum  temperature 
is  about  &2°F,  but  the  larvae  and  adults  will  withstand  freezing 
temperatures  for  some  days. 

Family  Platyoodldae 

The  300  odd  species  of  this  family  are  closely  related  to  the 
engraver  beetles  of  the  family  Scolytidne.  These  beetles  burrow  into 
fresh  or  partially  seasoned  wood  of  broad-leaved  trees  and  in  some 
regions  are  known  as  shothole  borers.  They  are  not  usually  of  very  great 
importance.  Most  of  the  damage  recorded  is  from  the  tropics  and  in 
fact  very  few  of  the  species  occur  outside  of  the  continental  tropics. 

Family  Platystonidae 

Although  this  family  contains  about  2200  species  only  3  have  b^en 
recorded  in  Connection  with  stored  materials,  and  only  one  of  these  at 
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nil  frequently.  The  coffee  been  weevil  is  now  cosraonoli tan  and  attacks 
a  great  variety  of  foods.  The  two  species  of  Brnchyterasus.  are  rare 
infestants  of  stored  seeds  in  eastern  North  America.  The  family  is 
fairly  abundant  in  the  Old  World  tronics  and  has  some  species  on  islands 
of  the  Indian  and  Pacific  Oceans.  The  43  species  related  to  the  coffee 
bean  beetle  occur  mostly  in  Madagascar  and  from  Ceylon  to  Australia  with 
very  few  of  them  native  anywhere  else. 

Aroecerus  fasciculntus  -i(U.  3.  official:  coffee  bean  beetle;  Oermen: 

K!af feebohnenkafer;  English:  mace  weevil. 

This  beetle,  although  found  nil  over  the  world,  appears  to  be 
especially  associated  with  seeds  and  roots  of  tropical  origin  and  it 
probably  came  originally  from  tropical  Asia.  I  would  be  Inclined  to 
assume  that  any  materials  at  nil  similar  to  those  listed  in  the  appendix 
would  be  attacked^  Its  development  requires  about  $  weeks  at  60  to  ?>0% 
relative  humidity.  I  do  not  find  a. record  of  the  optimum  temperature 
but  it  is  probably  relatively  high.  The  insect  can  be  killed  in  3  days 
(a  surprisingly  long  time)  at  122°F. 

Family  Ptinidae  -  U.  S. :  spider  beetles 

About  10  per  cent  of  the  420-odd  known  specie b  have  been  recorded 
as  doing  damage,  and  there  is  almost  no  material  of  plant,  origin  that 
they  will  not  attack,  although  wood  is  very  rarely  damaged,  in  addition 
to  which  they  will  do  damage  to  verious  materials  of  animal  origin. 

Once  a  material  is  infested  they  tend  to  breed  in  it  continuously, 
sometimes  building  up  very  large  populations,  and  leaving  behind  a 
large  amount  of  cast  skins  and  other  debris.  Although  the  family  is 
cosmopolitan,  damage  is  best. known  in  the  north  temperate  zone,  and 
most  of  the  genera  containing  economic  species  rrc  particularly  well 
represented  in  the  said  zone. 

Ptlnus  tectus 

This  specie e  may  serve  as  an  example  of  the  spider  beetles  and 
like  the  other  important  members  of  the  group  is  cosmopolitan,  although 
it  appears  to  be  of  rather  recent  Introduction  into  North  America.  It 
feeds  on  a  very  large  variety  of  plant  products,  especially  seeds  and 
roots  and  including  a  number  of  poisonous  or  hi#ily  irritant  materials, 
like  cayenne  pepper,  Hyo scy anus .  and.  Datura .  In  addition,  it  attacks 
a  certain  number  of  animal  products,  such  os  fish  meal,  casein,  and 
dried  soup.  These  beetles  are  able  to  utilize  fairly  finely  powdered 
materials. 

Much  of  the  damage  caused  by  Bolder  beetles  depends  on  their 
ability  not  alone  to  attack  food  materials  but  to  injure  containers 
such  as  wood,  cellophane,  and  cloth.  Apparently  the  snider  beetles  do 
not  normally  attack* wool,  but  they  do  attack  woolen  cloth  and  I  suspect 
that  in  all  such  cases  the  cloth  has  been  soiled  with  some  attractive 
naterial. 

The  development  requires  some  ^  weeks  to  6  months,  depending  uery 
markedly  on  temperature.  The  optimum  temperature  is  Rbout  75°F  .and 
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the  maximum  at  which  development  is  possible  is  recorded  as  £6  *  *  this 
seems  rather  low.  A  relative  hunldity  of  a.ooears  to  be  necessary 
and  this  indicates  that  in  cereals  the  minimum  moisture  would  be  about 
10 %.  ' 

Family  Scolytldae  -  Engraver  beetles 

The  characteristic  habit  of  this  family  is  for  a  m*ted  pair  to 
drill  through  the  bark  of  a  tree  and  then  in  the  inner  bark  or  in  the. 
cambium  make  a  long  burrow,  from  this  at  intervals  lateral  burrows  go 
out.  This  system  of  burrows  is  infected  with  n  particular  fungus, 
depending  on  the  kind  of  beetle,  and  eggs  ape  laid  in  the  lateral 
burrows.  The  young  as  well  as  the  adults. feed  on  the  fungus  which  grows 
as  a  dark  layer  on  the  wsll,s  of  the  burrows.  The  young  are  dependent 
upon  the  continued  presence  of  the  adults.  This  damage  may  occur  in 
living  trees,  freshly  dead  trees,  or  in  some  cases  partially  seasoned 
timber.  It  necessitates  the  presence  of  bark.  Relatively  few  species 
utilize  partially  seasoned  wood.  This  typical  form  of  damage  is  ob¬ 
viously  of  no  very  great  significance,  although  it  does  result  ulti¬ 
mately  in  loosening  the  bark  so  that  it  falls  a,way;  °nd  it  can  evidently 
be  prevented  by  the  prompt  barking  of  timber.  A  few  3oecles  in  the 
family  make  much  deeper  burrows  which  nry  go  clear  into  the  heart  wood, 
and  they,  therefore,  cause  nuch  more  real  damage.  A  still  smaller 
number  of  species  attack  aeeds  mostly  of  palms;  but  two  attack  seeds 
of  corn;  and  about  two  other  species  attack  dried  roots,  in  one 
instance  dried  sweet  potatoes. 

Family  Sllphldne  -  The  carrion  beetles 

The  members  of  this  family  are  frequently  large  and  rather  con¬ 
spicuously  colored.  They  arc  especially  around  thp  carcasses  of 
eninals  on  the  ground.  Two  species  in  northern  Europe  are  known  to 
attack  dried  fish  in  houses.  The  damage  actually  recorded,  therefore, 
is  rather  lnconseauentlal.  I  mention  the  family  because  it  is  known 
that  they  are  particularly  attracted  by  fly  naggots  in  meat  and  the 
young  of  many  of  the  species  found  in  the  north  tenpernte  zone  seem  to 
feed  nearly  exclusively  on  such  maggots.  They  night,  therefore,  be 
attracted  to  fly-blown  meat  and  be  considered  ns  more  important  than  they 

really  are. 

Family  Silva.nldae 

This  rpther  small  family  contains  a  few  species  of  grain  beetles 
of  very  considerable' importance.  The  best  known  of  these  is  the  saw¬ 
toothed  grain  beetle.  It  seems  probable  that  the  family  ns  a  whole 
consists  of  feeders  upon  seeds.  Most. of  the  species  related  to  those 
known  to  cause  damage  are  found  in  the  tropics  of  the  Old  World  and  a 
fair  number  are  native  to  Australasia. 

Oryzaephilue  surlnanensis  -  U.  S. :  saw-toothed  grain  beetle?  German; 

— ^ —  - Se t re i de s chmaHlkr f e r ,  GetreideolattkH.f cr 

This  familiar  cosmopolitan  beetle  is  immediately  distinguished 
by  the  serrate  edges  of  the  thorax.  As  shown  in  the  appendix  it  attacks 


Figure  66:  The  black  fungus  beetle:  a,  grub; 
b,  oupa;  c,  adult;  d,  tall  end  of  grub.  The 
grub  la  about  one  Inch  long. 


Figure  67:  The  broad-homed  flour  beetle: 
a,  grub;  b,  pupa;  c,  adult.  The  beetle  is 
about  one- sixth  of  an  inch  long. 


a  very  great  variety  of  plant  products,  but  scens  not  to  be  known  fron 
animal  products.  It  Is  not  particularly  liable  to  attack  entirely  un¬ 
injured  seeds  In  natural  condition  and  is  usually  found  in  processed 
materials.  It  is  extremely  likely  to  spread  from  one  naterial  to 
another  since  the  beetles  are  both  slender  and  flat  and  can  go  through 
small  openings.  I  have  never  seen  it  fly,  but  it  runs  very  rapidly. 

The  development  reoulres  50  days  or  more. and  in  unfavorable 
materials  nay  be  greatly  prolonged.  The  best  moisture  content  is  about 
l&%  and  the  best  relative* humidity  or  more.  In  lielaya  hp caroni  was 
protected  by  storage  at  60#  relative  humidity.  This  beetle  is  rather 
readily  killed  by  elevated  temperatures,  for  example,  in  two  hours  at 
152°.  It  is  one  of  the  few  pests  that  can  be  killed  with  some  certainty 
by  refrigeration,  although  even  here  fairly  low  temperatures  are  needed, 
20°  to  25°F  for  7  days  or  0°  to  5°F  for  one  day. 

Family  Stnohylinidae  -  the  rove  beetles  or  devil's  coach  horses 

This  is  a  vast  family  of  nearly  20,000  species  found  all  over  the 
world  and  usually  in  considerable  numbers.  It  is  not  very  probable 
that  the  few  species  reoortPd  in  connection  with  stored  products 
actually  do  any  damage.  They  are  probably  predators  upon  other  insects 

or  mites  in  the  material,  but  the  family  is  so  large  and  of  such  varied 

habits  that  it  seems  worthwhile  to  say  a  few  words  about  it.  The 
members  of  this  family. are  usually  rather  elongated  and  renarkable  in 
having  the  wing  covers  very  ghort  so  that  most  of  the  upper  surface  of 
the  abdomen  is  exposed.  The  wings,  however,  are  of  full  length  and 

many  of  the  species  fly  well.  At  rest  the  wings  are  carefully  folded 

away  under  the  wing  covers  and  one  of  the  most  characteristic  reactions 
of  the  family  is  the  raising. of  the  abdomen  which  is  done  when  the 
wings  are  folded  but  is  also  done  if  the  Insect  is  disturbed,  and  some¬ 
times  for  no  apparent  reason.  Aside  from  the  lack  of  forceps  the  rove 
beetles  greatly  resemble  the  earwigs  in  general  apoearpnee.  Some 
3pc cle s  in  this  family  might  be  expected  anywhere  in  thb  world  in 
connection  with  infested  food  materials,  and  the  number  of  species 
related  to  those  listed  in  the  appendix  is  considerable.  The  genus 
Atheta  contains  more  than  1250  species  and  the  genus  Phllonthus 
contains  about  0 • 

Family  Tcnebrionldae  -  the  darkling  beetles 

For  the  most  part  the  members  of  this  large  family  (about  11,000 
species)  are  dull  biackish  or  brownish  insects  usually  nocturnal  "nd 
very  often  flightless.  A  considerable  number  of  species  have  bean 
taken  in  association  with  stored  food,  particularly  fruit  and  grain. 

The  nogt  important  of  these  specie s  are  now  cosmopolitan  and  on  the 
whole  they  are  of  Old  World  and  to  a  considerable  extent  tropical 
origin.  Hence,  if  any  additional  species  were  to  be  encountered  in 
the  field  I  would  expect  that  they  would  be  found  primarily  in  the 
continental  tropics  of  the  Old  World  and  perhaps  more  frequently  in 
west  and  north  Africa  than  in  any  other  one  region 
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Alphltoblu3  cilaperlnus  -  U.  S.:  lesser  meal  worm:  German: 

Sturaof schwa r?e  Ge t re ideschirame liefer 

This  cosmopolitan  Insect  may  be  considered  a  secondary  Infestant 
since  it  does  not. damage  sound,  dry  grain.  In  addition  to  grain  pro¬ 
ducts  and  similar  materials,  it  is  also  recorded  as  attacking-  dead 
insects  and  hides,  Pevelopment  requires  about  one  year. 

Tenebrlo  molltor  -  U.  3.:  yellow  meal  worm;  German  geneine  Mehlknfer 

Although  this  soecles  is  cosmopolitan  and  one  of  the  largest  of 
the  grain  beetles,  it  seems  to  be  be tter’ known. in  North  America  by 
reputation  than  by  personal  acquaintance.  It  is,  in  fact,  very  commonly 
raised  as  food  for  small  insectivorous  animals.  It  can,  however,  be 
an  extremely  serious  pest  since  it  attacks  not  only  grain  and  their 
products  but  a  few  animal  substances  such  as  meat  and  feathers.  Tfte 
optimum  temperature  is  about  gO°F  and  there  is  usually  one  generation 
a  year.  It  may  be  killed  in  a  reasonable  time  at  100F  and  at  1250F. 

The  larvae  shows  considerable  powers  of  penetration,  going  through 
paper  and  boring  readily  into  wood. 

Trlbollum  confusum  -  U.  S. :  confused  flour  beetle;  German: 
nmerikanische  Reismehlkafer 

The  common  English  name  of  this  cosmopolitan  beetle  merits  a  word 
of  explanation.  The  confusion  was  in  the  minds  of  entomologists  not 
on  the  part  of  the  beetle.  That  is,  it  was  originally  confused  with 
the  extremely  similar  rust- red  flour  beetle  and  what  I  have  to  say  "bout 
the  present  species  applies  almost  equally  well  to  the  other. 

This  species  has  been, found  attacking  a  great  variety  of  seeds 
and  their  products  and  since  it  is  small  and  active  it  passes  eas  iiy 
from  one  package  to  another.  It  does  not  appear,  however,  to  show  any 
great  power  of  penetrating  materials  like  paper  and  cloth.  It  has  been 
pointed  out  that  an  infestation  by  this  beetle  of  any  part  of  a  ship* a 
cargo  is  likely  to  lead,  to  an  Infestation  of  anything  else  in  the  cargo 
which  the  beetle  can  eat.  It  does  not,  however,  as  a  rule,  attack 
completely  uninjured  seeds.  I  have  recently  seen  an  Infested  shipment 
of  Brasil  nuts  where  all  of  the  attack  by  these  beetles  appeared  to  be 
localized  at  points  where  the  nuts  had  already  been. bruised  in  handling. 

The  development  requires  a  minimum  of  4  weeks.  Reproduction  occurs 
between  a  temperature  which  is  lower  than  SO°F  and  102°F.  The  required 
relative  humility  is  from  65  to  90^.  This  beetle  is  supposed  to  be 
killed  at  n  temperature  of  102°F  and  fairly  readily  at  temperatures  of 
21°F  or  lower. . 

3ail.  The  order  Hymenoptera  -  Ants,  bees  and  w*gpS 

The  wings,  when  present,  are  in  two  pairs  and  nem- 
branous.  The  hind  wings  are  much  smaller  then  the  fore  wings.  The 
mouth  parts, are  built  for  biting,  but  there  is  often,  in  addition,  a 
lapping  or  sucking  tongue.  The  abdomen  is  usually  very  much  narrowed 
at  the  base.  An  egg-laying  device  (ovipositor)  is  almost  always 


Figure  70 i  Fruit  fly:  a,  adult  fly:  d,  aide 
pupal  ease  v*ew;  e,  sane,  doraal  view;  f, 
maggot.  The  adult  fly  la  about  three-alxteentha 
of  an  lnoh  long. 


Figure  71 s  The  houae  fly:  a,  adult  female, 
about  five  tinea  natural  size;  b,  head  of  male; 
c,  eggs,  about  six  tinea  natural  elze;  d, 
puparium,  about  four  tine 8  natural  size;  e, 
larva  or  maggot,  about  8even  tlmea  natural  aize; 
f,  last  segment  of  larva  to  show  spiracles.  The 
adult  fly  la  about  five- sixteenths  cf  an  Inch 
long. 
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present  In  the  female.  It  nay  be  modified  ns  a  sting.  The  metamorphosis 
is  complete.  The  larvn  is  generally  a  legless  grub  »nd  the  puon  is 
usually  enclosed  in  a  silken  cocoon.  This  large  order  contains  some 
60,000  species,  but  a  very  large  proportion  of  these  specie s  are  para¬ 
sites  upon  other  insects  and  do  not  concern  us  here.  The  forms  in  ’which 
we  are  interested  fall  into  3  groups,  (l)  The  wood  wasps;  rather  large 
primitive  forms  in  which  the  grub  is  provided  with' strong  biting  mouth 
parts  and  excavates  rather  sizable  tunnels  in  wood.  (2)  The  carpenter- 
bees  and  wasps;  a  considerable  group,  some  of  which  attack  sound  wood. 

In  these  forms  the  tunnels  in  wood  are  excavated  by  the  adults  ns  nest 
sites  in  which  the  young  are  reared.  The  tunnels  are  not  permanently 
inhabited.  As"  a  consequence,  they  nay  be  very  frequently  found  to  be 
quite  empty  or  inhabited  by  subsequent  interlopers.  (3)  The  ants.  This 
group  will  be  discussed  in  much  more  detail  later.  We  need  merely  here 
to  point  out  that  the  ants  form  perennial  colonies,  often  of  immense  size 
and  that  there  is  a  clear  distinction  of  castes — th°  workers  being 
completely  wingless. 

.The  life  history  of  a  typical  member  of  this  order 
differs  in  no  very  essential  respect  from  that  in  either  of  the  two 
preceding  orders.  However,  except  for  the  ants  very  few  Hynenootera 
have  become  domesticated,  and  the  consequence  of  this  is  that  for  many 
of  the  species  with  which  we  are  concerned  the  life  history  is  :stlll 
tied  to  the  seasons.  This  means  that  for  wood  wasps  and  carpenter  bees 
and  wasps,  the  adults  will  be  on  the  wing  for  some  definite  and  short 
time  during  the  year  in  temperate  regions,  and  each  of  the  other  stages 
will  be  similarly  restricted  to  some  definite  part  of  the  year.  In  the 
case  of  the  wood  wasps  the  larval  life  may  last  more  than  one  year. 

I  have  already  referred  to  n^st  building  among  bees 
and  their  relatives  in  other  places.  We  nay  here  summarize  the  types 
of  nests  that  are  constructed.  For  our  purposes  we  may  start  with 
those  nests  that  consist  of  the  mere  occupation  of  chance  cnvitles,  a 
habit  of  a  number  of  economic  ants.  The  Insect  does  little  or  nothing 
to  improve  the  dwelling  site.  Many  other  ants  either  improve  an  exist¬ 
ing  cavity  or  produce  their  own  either  in  the  earth  or  in  wood  or  other 
materials.  Such  nests  nay  be  enlarged  gradually  over  a  considerable 
period,  and  they  nay  ultimately . become  very  extensive.  In  these  cases 
it  is  evident  that  the  nest  serves  as  a  dwelling  place  for  the  entire 
population  as  well  as  a  nursery.  In  the  case  of  the  nests  of  carpenter 
bees  and. similar  forms,  the  ne3t  is  merely  a  nursery;  although  during 
its  construct ion  it  nay  be  occupied  by  the  producing  female  as  a  place 
to  sleep.  Of  a  similar  nature  are  at  least  some  of  the  nests  built  of 
wax  or  of  "peper",  but  many  of  these  nests  are  occupied  by  colonial 
wasps  or  bees,  either  temporarily  in  the  breeding  season  or  permanently. 
Although  the  paper-making  species  utilize  wood  as  a  source  of  their 
paper,  they  ordinarily  do  no  appreciable  damage  to  wooden  structures 
since  the  wood  must  be  quite  well  weathered  before  it  is  useful  to 
them,  and  only  the  vepy  surface  is  removed. 

Ants.  -  Ants  are  recognized  at  once  by  their  colonial 
habit  which  leads  to  foraging  in  files  and  by  the  absence  of  wings  in 
the  workers.  On  closer  examination  all  ants  may  be  recognized  by  the 
interposition  between  the  apparent  thorax  and  the  apparent  abdomen  of 
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one  or  two  minute  and  often  bead-like  body  segments  which  form  the 
petiole.  There  are  a  few  non-colonial  Hymenootera  which  are  wingless 
and  generally  resemble  ants,  but  all  of  these  lack  the  oetloler  segments. 

An  ant  colony  consists  of  a  varying  number  of  functional 
reproductive  individuals,  most  of  which  are. queens,  and  as  seen  In  the 
colony,  if  functional,  they  are  wingless,  the  wines  which  they  usually 
originally  possessed  having  been  ripped  off.  The  number  of  functional 
queens  In  the  colony  may  vary  from  one  to  a  considerable  number, 
certainly  more  than  forty.  Most  of  the  Individuals  in  an  ant  colony 
are  workers  which  may  be  of  one  form  or  of  several  forms,  but  all  agree 
in  being  permanently  wingless  with  a  correspondingly  modified  thorax 
pnd  in  being  for  the  most  part  sterile.  All  worker  ants  are  female. 

In  addition,  at  some  seasons  at  ieast,  the  colony  may  contain  winged 
individuals  both  male  and  female.  These  are  reoroductives  which  are  as 
yet  unmated. and  non- functional,  and  they  will  leave  the  colony  before 
mating,  and  the  females  will  found  additional  colonies,  other  things 
being  equal.  The  size  of  an  ant  colony  varies  not  only ‘“with  the  kind 
of  ant,  but  with  the  age  of  the  colony,  so  that  in  some  cases  there 
may  be  no  more  than  a  dozen  workers;  in  other  cases  thejp  may  be  many 
thousands  or  possibly  hundreds  of  thousands  of  workers,  fie  c°nnot  here 
go  into  the  extraordinarily  interesting  problems  of  social  parasitism 
among  ants  and  other  operations  which  result  in  mixed  ant  colonies. 

The  food  of  ants  is  obtained  from  a  great  variety  of 
materials.  It  seems  fairly  certain  that  originally  ants  were  pre¬ 
dacious  upon  minute  animals  and  many  ants  retain  this  habit  to  at 
least  some  extent.  Many  more  content  themselves  with  gathering  frag¬ 
ments  of  dead  animals  either  fresh  or  more  or  less  dried.  As  a  con¬ 
sequence  ants  will  attack  neat,  particularly  when  somewhat  dry.  In 
addition  to  this,  numerous  species  have  taken  to  the  use  of  the  nectar 
of  plants  and  other  similar  sweet  substances  such  as  honey  dew,  which 
is  the  liquid  excreta  of  certain  sucking  insects  on  plants  such  as 
plant  lice  and  tree  hoppers.  This  latter  habit  lends  ants  to  visit 
any  sort  of  sweet  substance,  and  they  are  not  very  particular  whether 
the  sugar  is  in  solution  or  is  in  the  solid  form.  They  will  con¬ 
sequently  visit  Jams,  syrups,  honey,  the  sugar  bowl,  and,  in  addition, 
bread  and  cake.  (It  is  quite  customary  to  feed  ants  in  captivity  on 
cake  crumbs.)  A  few  ants  utilize  seeds,  but  generally  speaking,  such 
seeds  are  smaller  than  those  of  the  usual  grains,  but  such  species 
might  well  carry  off  coarsely-ground  grain  products. 

The  dependence  of  ants  upon  an  appropriate  nesting 
site  to  a  slight  extent  restricts  their  activities*  but  from  our  point 
of  view  it  renders  them  particularly  liable  to  be  found  in  dwellings 
because  the  cracks  of  foundations  or  the  disturbed  earth  under  or 
around  a  building  may  make  excavation  somewhat  easier  for  the  ants. 

In  addition  to  which,  certain  wood-dwelling  foms  take  advantage  of 
any  streak  of  rot  in  wood  to  start  their  excavation.  In  the  tropics 
a  considerable  variety  of  ants  either  construct  papery  or  earthy  nests 
in  trees  or  utilize  more  or  less  natural  cavities  in  the  thorns' or  the 
stems  of  certain  living  trees,  the  so-called  ant  trees,  or  spin 
together  leaves  with  silk  obtained  from  the  grubs.*  These  above-ground 
nests  are  practically  wanting  in  temperate  regions.  Having  established 


a  neat,  a  colony  of  ants  nay  forage  to  very  considerable  distances  from 
the  nest,  Here,  fortunately  the  habit  of  traveling  en  file  enables  us 
to  trace  the  ants  back  to  their  nests,  which  can  then  be  attacked 
directly. 


Although  ants  are  world-wide  in  their  distribution, ' 
they  are  vastly  more  numerous  in  the .tropics  than  in  temperate  rones. 
This  is  more .true  of  the  number  of  species  than  of  the  number  of 
individuals.  But  to  about  45  N.  Lat.  the  number  of  sr>ecies  of  ants  is 
considerable.  In  addition  certain  sorts  of  ants,  mostly  possessing 
rather  numerous  queens  and  minute  workers,  are  able  to  nest  in  such 
small  cavities  that  sufficient  fractions  of  colonies  can  be  carried  by 
commerce  to  allow  of  the  establishment  of  such  species  at  any  place 
where  they  can  survive.  Hence,  even  fairly  far  to  the  north  we  find 
colonies  of  several  soecies  of  trooical  ants  which  in  tenoerate  regions 
have  become  restricted  to  buildings. 

The  actual  damage  done  by  ants  in  visiting  food  is 
usually  rather  small.  .Their  habits  are  such  that  they  do  not  tend  to 
soil  food,  and  even  a  large  colony  takes  e.wny  conoaratlvely  little  from 
any  one  source  of  food.  However,  peonle  rather  naturally  dislike  the 
oresence  of  files  of  ants  on  the  table;  and  in  the  case  of  Jams  and 
syrups  ants  are  prone  to  fall  in  and  drown.  From  the  point.  of  view  of 
destruction,  vastly  more  damage,  is  done  by  the  various  sorts  of 
carpenter  ants  which  excavate  their  dwellings  in  wood  and  may  there¬ 
fore  seriously  weaken  buildings.  The  ants  of  this  tyoe  are  apparently 
most  numerous  in  the  north  temperate  zone,  although  a  few  forms  extend 
into  and  through  the. tropics.  In  addition  to  these  comprehensible 
sorts  of  damage,  ants  attack  materials  which  seen  to  be  of  no  signifi¬ 
cance  to  them  at  all.  Especial  attention  has  been  given  to  this  in 
the  Dutch  East  Indies  where  it  has  been  shown  that  certain  species, 
notably  the  hulsmier,  attack  rubber  goods  of  almost  all  kinds,  electric 
insulation,  will  perforate  metals,  and  may  even  bore  into  cement.  A 
few  ant 8,  the  one  Just  mentioned  and  some  of  its  relatives  and  one  or 
more  species  of  leaf  cubing  ants  of  the  New  World  tropics,  will  attack 
various  fabrics. 


Bees  and  Wasps.  -  The  food  of  bees  and  wasps,  except 
the  wood  wasps,  is  of  no~great  concern  to  us  since  both  as  adults  and 
young  they  feed  on  pollen  and  nectar  or  their  products  or  on  insects. 

The  wood  wasps,  however,  do  actually  ps  grubs  damage  wood  for  the  food 
substances  which  it  contains. 

The  only  bees  and  wasps  with  which  we  are  really  con¬ 
cerned  are  those  which  inhabit  reasonably  sound  wood,  and  I  have  already 
spoken  of  the  character  of  their  UBe  of  wood. 

The  wood  wasps  are  most  prominent  in  the  north  temperate 
zone.  The  various  forms  which  I  have  referred  to  as  carpenter  wasps, 
not  implying  any  close  relationship  thereby  among  the  various  species, 
are  widely  scattered  over  the  world,  and  the  great  majority  of  those 
which  might  be  here  included  make  their  excavations  not  in  wood,  but  in 
pith  or  in  seriously  rotted  wood.  I  have  included  ir  the  appendix 
notes  on  the  few  species  which  seen  to  do  damage  to  sound  wood.  The 
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Figure  75?  The  caroenter  ant.  Showing 
3  workers  of  assorted  sizes  and  winged 
male.  The  workers  are  about  1/2  Inch 
long. 


Figure  76:  31de  view  of  a  worker 
of  the  Argentine  Ant.  Length 
about  one-tenth  Inch. 


Figure  77s  UoDer  figure  the 
Pharach  ant  workers  gather¬ 
ing  sugar  and  carrying  young 
and  toward  the  right  a 
winged  female.  Below  the 
fire  ant  showing  various 
sizes  of  workers.  These  ants 
sting  viciously. 
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third  grout),  the  carpenter  bees,  quite  customarily  utilize  sound  wood. 
They  fall,  for  our  purposes,  Into  one  rather  extensive  family  which  is 
predominantly  tropical,  although  a  few  members  run  into  the  temperate 
regions  of  both  hemispheres.  The  family  is  especially  abundant  in 
tropical  Africa.  I  do  not,  however,  find  any  records  for  the  Pacific 
Islands,  east  of  New  Guinea,  with  the  sole  exception  of  Hawaii  where 
a  species  does  occur.  They  are  scarcely  nests  in  cool,  temperate 
areas. 

Family  Fomlclda.c  -  Ants 
Tribe  Attlnl  -  Leaf  cutting  ants 

This  tribe  includes  the  leaf-cutting  ants  of  the  new  world 
They  go  under  nunerous  local  nemos  some  of  which  are  recorded  in* the 
appendix.  Although  they  are . predominantly  tropical,  a  few  species 
of  no  special  importance  range  north  into  the  United  States  as  far 
as  California  and  New  Jersey,  The  leaf-cutting  ants  m"ke  extensive 
subterranean  nests,  usually  with  mounded  entrances  *nd  the  colonies 
are  as  a  rule  populous.  The  sole  food  of  these  ants  consists  of’ 
specialized  bodies  produced  by  the. mycelium  of  certain  mushrooms. 

The  fungi  are  grown  in  chambers  in  the  nest  and  pieces  of  vegetation 
-re  used  as  the  food  for  the  fungi.  The  ants  leave  the  nests  in  pro¬ 
cessions,  repairing  to  nearby  trees  or  bushes  from  which  they  cut 
nieces  of  leaf  to  take  back  to  the  nest.  The  workers  are  extremely 
variable  in  size.  Some  of  the  leaf-cutting  ants  *re  known,  at  least 
occasionally,  to  cut  up  cloth  and,  perhaps  more  rarely,  to* attack  cer¬ 
tain  vegetable  products,  even  grain.  It  is  by  no  means  unllkelv  that 
if  abundant,  they  might  do. considerable  damage.  ‘  ' 

Canponotus  herculeanus  -  U.  S. :  carpenter  ant;  German;  Ro8R«meise. 

.This  species  is  reported  throughout  the  cooler  parts  of  the 
North  Temperate  Zone,  having  a  great  variety  of  slightly  differing 
forms.  It  is  normally  cither  all  black  with  whitish  or  yellowish 
hair,  or  deep  red  and  black;  in  which  case,  the  red  ip  usually  on 
the  thorax,  the  two  ends  of  the  ant  being  black.  The  present  species 
is  one  of  the  largest  ants  in  the  northern  hemisphere.  The  workers 
vary  in  size  from  one-fourth  to  five-eighths  of  an  inch  long;  the 
queens  are  still  larger. 

It  customarily  utilizes  for  its  dwelling  places  wood  which  has 
been  somewhat  affected  either  by  rot  or  by  water,  although  having 
started  in  such  wood  it  may  invade  very  sound  wood  close  by.  The 
excavations  are  often  extensive.  The  ants  may  litilize  the  inner  six 
or  eight  Inches  of  a  telephone  polo  for  a  distance  of  eight  or  ten 
feet,  or  more.  There  is  always  a  permanent  opening  to  the  nest,  which 
may  be  in  the  ground  or  at  some  distance  above  the  ground.  In  the 
latter  instance-  I  have  seen  a.  spike  hole  used.  The  sawdust  produced 
is  ejected  from  the  nest,  and  none  of  the  wood  is  oaten.  The  colonies 
contain,  at  a  maximum,  about  three  thousand  individuals  end  have  a 
length  of  life  up  to  about  fourteen  years;  no  individual  «nt  probably 
lives  a 8  long  as  this.  The  ants,  themselves,  forage  for  swreots  quite 
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widely,  Invading  kitchens  or  attending  various  insects.  Of  several 
forms  found  in  North  America,  only  two,  the  blpck  carpenter  ant  and  the 
Modoc  carpenter  ant,  are  usually  found  in  dwellings.  Apparently  they 
are  able  to  utilize  drier  nesting  sites  than  the  other  races.  This  is 
especially  striking  when  one  considers  that  the  New  York,  or  red  and 
black  caroenter  ant,  has  nrncticelly  the  same  geograohical  distribution 
as  the  black  caroenter  ant  but  is  very,  rarely  found  in  artificial 
structures  unless  they  are  extremely  dnmo.  I  have  heard  of  a  few 
cases  in  soring  houses  and. well  covers. 

Irldomymex  hunllls  -  U.  S. :  Argentine  ^nt;  French;  Fourml  d'Argentlne; 

6e me n :  argent ini  ache  Aneise;  Portuguese:  Formlgn  argentine; 

Itanian:  Formica  argentine 

This  well-known  oest  is  probably  a  native  of  South  America,  but 
has  sorend  over  the  trooics  and  warn  tennerate  regions  of  the  world. 

It  seems  to  be  still  soroading  since  it  was  first  found  in  Victoria, 
Australia  in  1939  '‘nd  In  Hawaii  the  next  year. 

The  Argentine  ant  damages  all  kinds  of  food,  particularly  sweets 
and  cooked  neats. 

The  cplonies  are  very  large  and  contain  numerous  queens.  The 
nests  are  usually  in  earth,  rather  near  the  surface  and  sheltered  by 
leaf  debris.  During  the  winter  the  ants  in  a  colony  accumulate  into 
n.  large  mass  in  some  sheltered  cavity. 

A  limited  area  can  be  made  unfavorable  to  the  ants  by  cleaning 
off  leaves  and  other  plant  remains.  The  usual. control  is  by  moans  of 
sweet  baits.  These  baits  should  not  be  too  strongly  poisoned  and 
should  be  distributed  in  many  email  containers.  A  formula  is  given 
elsewhere  in  this  report. 

Mononorlun  destructor 

The  oresent  species,  although  not  the  most  widely  distributed 
is  perhaps  the  most  destructive  of  all  the  species  of  Mononorlun.  It 
Is  found  throughout  the  tropics  and  in  the  southern  United  States. 
Although  it  will  take  sugar  readily,  It  prefers  animal  to  vegetable 
food.  The  nests  are  built  In  crevices  in  walls  or  in  similar  situations 
away  from  buildings. 

This  ant  is  probably  the  most  destructive  known  species  in  con¬ 
nection  with  Inedible  materials.  It  is  not,  of  course,  surprising 
that  they  would  attack  clothes  and  fabrics,  since  this  could  be  due 
to  the  presence  of  grease  pr  other  attractive  substances..  It  is, 
however,  surprising  that  they  will  voluntarily  bore  Into  cement  pnd 
are  capable  of  perforating  lead  almost  a  millimeter  thick.  It  has 
been  rather  frequently  found  that  the  ants  have  damaged  electrical 
material,  both  Insulation  on  wires  and  the  lead  sheathing  of  electric 
cables.  Lately  it  has  been  reported  to  have  a  predilection  for 
rubber.  Very  few  other  Insects  attack  rubber  cat  all. 


llonomorlum  phnraonls  -  U.  S. :  Pharaoh's  ant;  Australian:  little  yellow 
ant;  German:  Phare oanelse . 

This  tiny  yellow  or  reddish  ant  (1/16  Inch  lone)  le  a  charac¬ 
teristic  house  pest  all  over  the  world  and  is  so  easily  transported 
that  It  is  even  established  on  such  islands  as  Johnston  and  Wake. 

Although  it  is  usually  regarded  as  a .neat  eater  It  does  not  disdain 
sweets  and  will  also  attack  butter,  soap,  and  cold  cream.  No  Particles 
of  food  are  carried  back  to  the  nest. 

The  nest  is  made  in  crevices  in  walls  or,  in  the  tropics,  under 
bark.  The  colonies  are  Immensely  populous.  One  investigator  trapped 
350,000  in  his  house  in  six  weeks  and  that  was  by  no  mans  the  ’*’hole 
colony.  The  failure  to  carry  any  uneaten  particles  back  to  the  nest 
gives  emphasis  to  the  general  rule  not  to  make  out  poisons  too  strong. 

The  ants  must  live  long  enough  to  carry  some  back  to  the  nest  in  their 
crops  and  regurgitate  it. to. the  other  members  of  the  colony. 

Pheldole  megncephala  -  U.  S. :  Madelfro  ant;  South  African:  brown  house 
ant 

Pheldole  Isa  vast  genus  occurring  all  over  the  tropics  and  wr»rm, 
temperate  parts  of  the  world.  Only  a  relatively  few  specie s  have  ever 
been  associated  with  economic  damage . of  a  sort  interesting  to  us.  The 
most  important  of  thes?  few  species  is  the  Madeira  ant,  originally 
described  from  the  island  of  Madeira.  It  is  distributed  pretty  much 
throughout  the  tropics.  The  Madeira  ant  is  an  agressive  species  which 
hol£s  its  own  against,  or  even  overcomes,  such  relatively  strong  species 
as  the  fire  ant.  However,  in  its  turn  it  falls  victim  to  the  Argentine 
ant.  The  colonies  of  the  Madeira  nnt  are  very  sizeable  and  workers, 
as  is  typical  of  the  whole  genus,  cone  in  two  sizes,  the  snail  har¬ 
vesting  individuals  and  the  large  seed  crushers,  which  in  the  books 
are  usually  called  the  soldiers.  This  species  prefers  to  nest  under 
slabs  of  stone,  but  may  use  crevices  in  walls. 

It  invades  a  considerable  variety  of  stored  foods,  but  it  is 
primarily  a  harvesting  ant,  that  is  it  gathers  seeds  of  grasses  and 
similar  plants.  As  a  post  it  appears  to  be  most  serious  in  Australia 
where  the  Argentine  ant  is  as  yet  comparatively  scarce,  and  its  native 
relatives  not  rgressive.  In  most  other  tropical  regions  the  Madeira 
ant  is  not  regarded  ns  a  very  serious  pest,  exepot  quite  locally. 

3olenopsl8  genlnata  -  U.  S. :  fire  ant;  Dutch  East  Indies:  roode 
tnbeksnler;  Indian:  small  red  ant. 

The  genus  Solcnopsls  falls,  for  practical  purposes,  Into  2  groups: 

(a)  the  thief  ants,  in  which  the  workers  are  very  numerous, 
very  small  and  nil  of  one  size.  Th’se  species,  by 
preference,  steal  the  defenseless  young  of  other  ants 
and  of  termites,  but  win  to  some  extent  invade  houses. 

(b)  fire  a.nts,  in  which  the  workers  are  also  extremely  numerous 
but  of  several  sizes,  ranging  from  very  small  to  moderate. 
The  fire  ants  are  characterized  by  their  great  willingness 
to  sting  and  the  relative  severity  of  the  sting,  compared 
to  that  of  most  other  ants.  There  are  at  least  four  soacie 
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crusher  at  the  right.  The 
worker  la  about  1/12  of  an 
Inch  long.  The  lega  are 
omitted  from  both  drawinga. 


of  this  pen us  which  nay  be  considered  fire  ants;  that  is 
to  say,  all  the  foms  mentioned  in  the  appendix  except 
Sdbnopsls  nolesta.  ‘.Vith  regard  to  most  of  these  we  have 
no  very  specific  information. 

As  to  the  fire  ant  proper,  it  is  a  ground  nester  which  prefers  the 
loamy  soil  along  stream  banks.  Its  original  food  was  probably  seeds 
and  insects,  but  as  a  domestic  ant  it  is  a  rather  general  feeder  that 
prefers  neat  to  sugar.  There  is  a  not  very  satisfactory  indication 
that  they  will  perforate  rubber  cover  d  with  cotton,  either  imoreg- 
nated  with  paraffin  or  not. 

3al2.  The  Order  Dirtera  -  two-winged  files. 

This  order  consists  or  Insects  possessing  at  the  most  a  single 
oair  of  membranous  wings,  the  hind  wings  having  been  converted  into 
tiny  knobbed  processes.  The  mouth  marts  are .fitted  for  sucking  and 
sometinep  also  for  piercing,  Examples  of  this  latter  modification 
are  mosquitoes,  black  flies,  and  horse  flies.  The  metamorphosis  is 
complete.  The  larvae  are  legless  maggots,  usually  with  a  reduced 
nend.  The  puna  is  conmonly  enclosed  in  the  hardened  last  larval  skin. 
This  is  one  of  the  great  orders  of  insects  with  some  50,000  soecles 
now  known,  and  a  very  large  number  still  pwniting  description. .  Numerous 
species  are  parasitic  on  other  insects,  and  a  very  considerable  number 
are  blood  sucking,  insects  with  which  '*re  are  not  here  concerned,  Only 
a  relatively  few  types  of  Diotcra  have  taken  to  feeding  upon  materials 
of  interest  to  us. 

The  eggs  of  Diotera  are  either  laid  before  hatching,  in  which 
case  they  are  conmonly  deposited  on  a  material  appropriate  for  food 
for  the  larvae,  or  the  eggs  are  hatched  in  small  batches  or  even 
singly  within  the  body  of  the  female  and  larvae  at  some  stage  of 
development  are  deposited.  In  either  case,  the  larva  undergoes  a  few 
molts,  and  upon  becoming  full  grown  usually  leaves  the  food  material, 
vriggling  out  of  it  and  in  many  cases,  sinrly  dropping  to  the  earth 
into  "which  it  proceeds  to  burrow,  or  wriggling  out  of  the  food  and 
'iroceeding  along  the  ground  and  burrowing  in.  After  the  larva  has 
reached  an  appropriate  point,  it  molts  at  least  once  without  feeding, 
and  the  larval  skin  hardens  forming  a  somewhat  oill-llke  structure 
vithin  which  is  the  pupa.  After  a  tine,  usually  not  very  long,  the 
->dult  emerges  from  the  pupal  case. 

Since  very  few  Diptern  arc- provided  with  real  biting  mouth  parts 
a.t  any  stage  in  their  existence,  they  arc  dependent  for  their  food 
either  upon  materials  which  are  already  fluid  or  materials  which  can 
be  rendered  fluid  by  the  exudation  of  some  digestive  Juice. and  then 
taken  up.  There  is  n  very  strong  tendency  on  the  part  of  the  Dirtera 
to  favor  r.8  food  materials  those  which  are  high  in  protein.  There  is 
relatively  little  attack  on  starchy  substances. 
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The  damage  done  by  Dlotera  is  for  the  most  part  an  invasion  of 
neat  or  fish  or  similar  materials  by  the  maggots.  ’Ve. leave  out  of 
account  here  the  bacterial  contamination  of  food  by  the  rather  incon¬ 
sequential  feeding  or  visiting  of  food  by  adult  flies.  As  a  rule, 
larval  Dlptera  do  not  burrow  very  deeply  into  meat  or  fish.  .A  few 
materials,  Jellies,  Jams,  fruit  Juices,  may  be  visited  by  the  tiny 
vinegar  flies  and  nay  even  serve  as  breeding  places  for  them. 

Calllphorr.  -  blue  bottle  flies 

This  genus  comprises  many  soecies  found  throughout  the  world, 
even  well  up  into  the  Arctic  region.  The  females  deposit  their  esrgs 
or  larvae  on. a  variety  of  substances,  generally  meat  or  decaying  grain. 
.Then  the  larvae  are  full  grown  they  leave  the  food  and  transform  else¬ 
where  nearby.  Obviously,  the  damage  done  by  the  blue  bottle  flies  and 
their  close  relatives,  the  green  bottle  flies,  is  in  two  parts;  (a)  the 
actual  damage,  at  least  to  the  surface  of  the  meat,  and  (b)  the 
esthetic  damage.  Heat  which  is  not  seriously  Infested  can  be  trimmed 
to  remove  the  larvae  and  the  damaged  moat,  but  it  is  naturally  much 
better  to  protect  it  by  proper  covering  and  screening. 

Drosomhlla  -  vinegar  flies,  pomace  flies,  fruit  flies 

A  nunber  of  species  in  this  cosmopolitan  genus  have  become  more 
->r  less  domesticated!  They  are  attracted  to  all  sorts  of  materials 
infested  with  yeasts.  The  term  fruit  fly  is  rather  a  nienomer,  for 
•/hich  the  geneticists  are  to  blame.  The  term  fruit  fly  is  used  by 
"he  economic  entomologists  for  insects  of  an  entirely  different  family 
vhlch  attach  living  fruit  and  living  plants,  and  arc  of  no  immediate 
Interest  to  us.  Vinegar  flies  lay  their  egers  on  moist  surface?  where 
yeasts  are  growing,  the  young  feed  near  the  surface  of  the  material 
md  eventually  crawl  uo  out  of  the  material  for . transformation.  The 
adults  are  likely  to  be  pretty  numerous  around  garbage,  but  are  attracted 
is  well  to  wine,  beer,  vinegar,  pickles,  entsuo,  and  similar  prepared 
laterlals.  They  have  also  been  found  in  some  cases  in  connection  with 
oartlally  dried  milk  and  still  more  rarely  in  association  with  meat. 

It  does  not  seen  to  be  clear  to  what  extent  they  can  use  bacteria.  In 
olace  of  yoast. 

iusca  done st ice  -  U.  3.:  house  fly;  Q-erman:  Hausfliege 

I  mention  the  house  fly  mostly  out  of  deference  to  its  tremendous 
deputation.  It  does  not,  in  fact,  breed  ordinarily  in  edible  food- 
j tuff s .  The  adults,  It  is  true,  visit  food,  but  aside  from. the  car¬ 
riage  of  disease  the  damage  they  do  is  inappreciable.  In  the  oriental 
tropics,  at  least,. other  closely  related  species  are  common. 

Plophlla  easel  -  U.  3.:  hr.n  or  cheese  skipper;  Gorman:  Kawefliege: 

Australian:  bacon  fly 

This  species  represents  a  comparatively  small  fanily  of  flies  and 
ins  long  been  well  known  as  an  lnfestant  of  all  sorts  of  animal  pro¬ 
teins,  with  an  express  preference  for  those  which  have  been  processed. 
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Vi  though  It  avoids  fat,  it  has  been  taken  from,  oleomargarine.  The 
common'name  is  derived  from  a  habit  of  the  larva  of  bending  the  body 
around  and  seizing  the  tail  by  the  mouth  hooks,  ftien  the  hold  is 
suddenly  released  the  body  straightens,  ana  the  maggot  fll£8  lnt0 
the  air  The  maggots  are  remarkably  resistant,  both  to  extremes  of 
tennerpturc  and  fo  Insecticides.  They  are  said  to  withstand  from 
_g°* to  131°F,  and  reproduction  take?  place  between  560  nd  102  . 

The  latter  temperature  is  above  that  of  most  insects.  The  adults 
can  be  kept  out  by  a.  30-mesh  screen. 


Sarcophaga  -  gray  flesh  flies 


This  genus  is  as  yet  rather  poorly  known,  except  in  a  few  regions: 
North  America,  Malaya,  and  Australia.  It  is  one  of  -he  most  difficult 
of  all  groups  of  flies  to  study  because  the  adults  are  singularly  hard  . 
to  discriminate.  It  is  certainly  known  that  n  large  number  of  the 
species  do  not  attack  meat,  but  on  the  contrary  are  parasitic  on  insects. 
A  few  species  have  still  other  habits.  In  the  appendix  will  be  found 
r  list  of  thirty-one  species  which  have  been  associated  more  or  less 
definitely  with  neat  in  some  form.  The  life  history  is  very  similar 
to  that  of  the  blue  bottle  flies. 


3b  The  Order  Acarlna.  -  The  Mites 

’The  great  group  of  solder-liko  animals  includes  extremely  diverse 
forms.  Spiders  and  ticks  are  familiar  to  most  people  who  have  been  in 
the  tropics,  as  are  also  scorpions  whose  relation  to  spiders  is  not 
quite  so  obvious  at  first  glance.  In  addition  to  those  large  forms 
there  are  a  host  of  minute  animals  collectively  called  mites  which  make 
up  the  order  Acarinn.  In  addition  this  order  includes  the  ticks. 

The  mites  with  which  we  arc  concerned  are,  almost  all  of  then, 
very  minute,  mostly  much  less  than  I/25  of  an  inch  long  *ntf  without 
evident  coloration.  They  seem  originally  to  have  been  pests  of  grow- 
lng  plants  and  perhaps  particularly  grasses,  and  from  that  habltpt  some 
forty  species  have  moved  Indoors  either  partly  or  wholly.  In  addition, 
there  are  a  few  other  mites  of  different  groups  which  have  become 
associated  with  stored  products.  Except  at  one  point  the  life  history 
of  the  mites  resembles  that  of  insects;  that  is,  they  hatch  from  eggs 
and  grow  without  striking  change  into  the  adults.  However,  some 
individuals  in  each  species,  but  not  all,  when  about  half  grown  go 
into  a  peculiar  resting  stage  which  is  almost  invariably  attached  to 
some  other  animal,  usually  an  insect;  and  it  is  supposed  that  the 
primary  function  of  this  stage  is  to  disseminate  the  nites.  The  pro¬ 
tection  of  the  part-grown  mites  against  adverse  conditions,  while  real, 
seems  to  be  secondary. 

Our  knowledge  of  this  great  group  of  grain  mites  and  cheese  nites 
is  still  extremely  fragmentary.  In  the  tropics  we  might  almost  say 
we  have  no  knowledge.  This  is  due  in  large  part  to  the  extreme  diffi¬ 
culty  of  naming  the  species.  There  are  probably  fewer  than  ten  men 
in  the  world  competent  to  identify  particular  specie s  of  grain  nites. 
There  is  only  one  In  the  United  States,  Dr.  Harry  E.  Ewing,  of  the 
Department  of  Agriculture. 
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Hites  have  been  found  in  association  with  the  following  sorts 
of  materials:  grain  and  all  kinds  of  grain  products  except  pure 
starches,  other  seeds,  especially  oil. seeds,  dried  fruits,  cheese, 

Jam3,  preserved  neats,  wine,  tobacco,  hair,  fur,  feathers,  yeast, 
drugs,  spices,  copra,  stored  potatoes. 

It  is  usually  Gssuned,  although  the  evidence  is  not  clear  for  a 
good  many  species,  that  these  nites  are  associated  with  the  presence 
of  molds  on  the  substances  attacked.  One  evidence  for  this  is  the 
relatively  high  moisture  content  required  -  in  all  recorded  cases  at 
least  13  percent.  This  is  noticeably  higher  than  the  requirement  for 
many  of  the  grain  Insects  which  we  know  attack  the  grain  itself,  but 
it  is  within  range  of  the  requirement  for  molds.  However,  mites  will 
attack  materials  which  show  no  visible  evidence,  to  the  unaided  eye,  of 
being  moldy. 

The  true  grain  mites  are  accompanied  by  a  few  species  of  predators, 
also  mites,  and  these  predators,  together  with  at  least  some  of  the 
grain  mites  are  able  to  cause  a  dermatitis  in  persons  handling  the 
infested  material.  This  has  long  been  known  ^s  "grocer's  itch". 

There  are  two  general  methods  of  attack  on  mite  infestations: 

(1)  heating  the  material  to  a  temperature  sufficient  to  kill  the  mites 
and  (2)  storage  of  materials  at  sufficiently  low  moisture  content  to 
prevent  infestation.  A  specific  recommendation  in  the  case  of  the 
flour  mite  has  been  made  as  follows:  in  the  temperate  zone  store 
grain  at  11  percent  moisture,  and  in  the  tropics  at  a  much  lower  oeiv 
centage.  However,  we  must  point  out  that  11  percent  moisture  is  not 
sufficiently  low  to  prevent  attack  by  gr"ln  insects. 

I  have  referred  to  the  resting  st?gc  carried  by  insects.  The 
transport  of  mites  into  buildings  can  be  to  n  great  extent  prevented 
by  adequate  screening  to  keep  out  flies. 

3c  -  Phylum  Molluscs  -  the  mollusks 


Te redos 


Having  been  asked  to  include  some  comments  on  possible  pro¬ 
tection  of  landing  stages  and  other  structures  in  sea  water  from 
teredos,  I  can  make  the  following  conments: 

A.  Teredos  are  marine  organisms  related  to  clams.  They  attack 
all  known  woods  to  a  greater  or  lesser  extent.  They  are  naturally 
vastly  more  abundant  in  the  tropics  than  in  temperate  waters,  although 
occasionally,  at  least,  damage  is  done  by  teredos  quite  far  to  the 
north.  Such  damage,  for  example,  is  well  known  in  the  New  England 
states. . 

B,  The  diagnosis  of  teredo  damage  is  relatively  simple  since 
each  animal  bores  its  own  hole  in  the  wood  and  does  not  cut  into  those 
of  other  teredos,  and  the  hole  is  lined  with  a  white  limy  deposit. 

The  attack  starts  at  the  surface  of  the  material  and  works  inwrrd. 
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c  In  many  areas  teredo  attach  may  be  accompanied  by,  or 
followed  un  by  the  attack  of  various  shrimr-like  animals. 

In  order  to  get  an  authoritative  statement  of  the  poss; lbllities, 
t  *rvn-n?d  to Mr  William  F.  Clano  of  Duxbury,  Hass.,  who  has  had  a 
Jow  iiwrunoa  with  this  general  problem.  Under  date  of  Ar.nl  7,  19*7. 
he  writes  me  as  follows! 

"The  landing  stage  problem  Is  a  tough  one.  I  saw  one  ,whlch  was 
-.r'fioti  rallv  destroyed  in  eight  weeks.  It  is  almost,  if  not  quite,  as 
df??icult  to  obtain  resistant  timbers  as  it  is  properly  creosoted 
timbers  Timbers  injected  with  oils  and  resins  extracted  from  resis¬ 
tant  woods  such  as  Southern  Cypress,  Tulin,  etc.,  have  sho-nn£  in¬ 
tent  o°os  buci  borer  attack.  The  protection  provided  by  rre- 

servatlve  treatments  such  as  creosote,  Is  not  entirely  due  to 
Kni-  rnthpr  the  preserve tive  provides  a  more  or  less  mechanical  barrie  . 
^L  ts  Ilso  trSe  o?  the  resistant  timbers,  many  of  which  are  silica- 
bearing  As  you  know  the  bamboos  and  rains  are  almost  entirely  immune 
to  wfr  attack  In  locations  where  untreated  hard  nine  piles  are 
e?rvPV  n  5;  year  palmettos  will  be  serviceable  for  twenty  years 
or  more  But  of  course,  such  woods  have  only  slight  value  for 
structural  purposes.  The  most  resistant  timbers  I  have  seen  In  service, 

T  believe  to  be  the  order  of  their  efficiency,  are  Manberklac, 

*.  inffolinne  end  Vera  all  from  the  Guienas  or  the  vicinity. 

Alfshouia  be  purchased  directly  from  the  VPrJous,^e^e®f^^1"re 
controlled  by  the  British  and  Dutch  K°vernnents  ’J1*  t£U°gtJo£  ilth 
government  stamp.  Otherwise,  the  buyer  la  certain  to  get  stuck  it n 
"Brown  Heart"  and  other  very  inferior  grades.  All  of  these  timbers 
are  more  costly  than  the  best  grade  of  creosoted  Southern  Yallow  Pi ne , 
even  when  because  of  their  greater  strength,  smaller  sites  can  be 
ulld.  I  have  examined  scores  of  large  docks  and  nlors  In  the  Jest 
Indie**  Trinidad  and  Venezuela  and  still  prefer  oropprly  creoso 

Yellow  Pine  In  New  York  and  Boston  there  are  several  thou¬ 
sand  OreeSeart  Plies  in  sone  of  the  more  important  structures  and  they 
are  giving  excellent  service,  but  as  great  c*re  must  be  exercised  i 
the  selection  of  these  timbers  as  we  use  in  purchasing  creosoted  tim¬ 
bers  One  Greenhe  art  wharf  in  Bermuda  failed  in  seven  years.  I 
examined  thHues  and  found  that  while  they  were  Sreenheart  the  grade 
!*,  very  moor.  It  Is  the  same  with  our  native  oaks.  *?hlte  °  k  Is 
veiy distant,  ranking  not  far  belo»  such  woods  as  Azobe,  but  Red 
Oak  has  but  little  more  resistance  than  hard  pine. 

3d  The  Mammals 

There  are  two  groups  of  mammals  of  considerable  Importance  to  us: 
the  rodents  a£d  the  carnivores.  In  addition,  one  shrew  has  bean  reported 
In  Europe  as  occasional  In  houses  and.  rarely  attacking  cheese,  me  t, 
bacon,  and  milk. 

The  rodents  are  mostly  of  rather  small  size  and  provided  with 
chlsel-llke  gnawing  teeth  in  the  front  of  the  mouth.  These  teeth  form 
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their  chief  means  of  entry  to  buildings  and  packages.  Although  the 
rodents  are  originally  for  the  most  part  feeders  on  seeds  and  b«rk, 
some  domestic  rodents  have  become  very  nearly  omnivorous. 

The  only  carnivores  that  seen  to  be  of  importance  are  the  bears, 
particularly  the  polar  bear,  and  the  wolverine.  These  animals  are,  of 
course,  primarily  feeders  on  flesh,  but  the  bears,  even  in  nature,  by 
no  neons  disdain  fruit  and  berries.  The  carnivores  use  their  strong 
claws  to  tear  oper**caches  or  packages. 

3dl.  The  Rodents 

It  is,  of  course,  perfectly  well  known  to  everyone  that  various 
rodents  customarily  attack  not  only  foodstuffs  but  many  other  materials. 
The  attack  of  rodents  in  fact  is  based  on  two  needs;  first,  food,  and 
second,  shelter.  The  ordinary  domestic  rats  and  nice  are  nocturnal 
animals,  utilizing  relatively  narrow  passageways  and  capable  of  gnaw¬ 
ing  through  considerable  thicknesses  not  only  of  hard  wood  but  even  of 
concrete.  They  are  not  actually  social  in  their  habits,  although  where 
you  find  one  you  generally  find  more,  and  it  h°s  been  pointed,  out  re¬ 
cently  that  the  number  of  rats  seen  is  a  snail  proportion,  usually  less 
than  half,  of  those  actually  in  the  vicinity. 

There  are  three  widely  distributed  house  rodents.  First,  the 
brown  or  Norway  rat,  which  is  a  relatively  large  animal,  addicted  to 
burrowing  and  a  very  poor  climber.  .It  exists  in  the  wild  state  in 
various  parts  of  the  Old  World,  including  the  Celebes,  althouch  not 
apparently  elsewhere  in  the  Pacific.  The  second  species  is  the  black 
or  roof  rat,  which  occurs  in  two  forms  -  a  very  dark  form  "inch  19  pro¬ 
perly  the  black  rat  and  the  white-bellied  roof  rat;  but  there  is  very 
little  difference  in  habits  between  these  two  forms.  This  species  is 
also  found  in  the  wild  state  all  through  the  tropics  and  sub-tropics 
of  the  Old  World,  including  many  of  the  Diitch  East  Indies.  The  third 
species  is  the  house  mouse,  also  a  native  of  the  Old  World  both  in 
warn  and  in  cool  regions.  It  Is  hardly  possible  to  say  how  far  it 
extends  as  an  actual  native  animal  "1  though  0  form  of  it  is  kno«'n  from 
the  Marquesas. 

All  of  these  species  have  become  extremely  widely  distributed  by 
commerce,  to  the  extent  that  they  may  be  expected  anywhere  In  the  world 
that  conditions  are  at  all  suitable.  As  Is  well  known,  the  brown  rat 
is  able  to  exist  in  association  with  man  far  to  the  north,  and  it  also 
occurs  widely  in  the  tropics.  The  black  rat  on  the  other  hand,  does 
not  generally  occur  in  cool  temperate  regions,  although  instances  of 
Its  occurrence  are  known  as  far  north  as* Vermont  in  the  eastern  United 
States. 

The  house  mouse  is  probably  at  least  as  widely  distributed  as  the 
brown  rat.  It  Is  a  natter  of  common  experience  that  where  the  brown 
rat  ana  black  rat  come  into  direct  competition  the  brown  supersedes  the 
black.  But  they  are  able  to  coexist  in  those  regions  in  which  the  black 
rat  can,  by  taking  to  treeB,  be  out  of  the  w«y  of  the  brown.  Probably 
neither  species  competes  appreciably  with  the  house  mouse. 
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Figure  SO:  Distribution  of  native  rats  In  the  western  Pacific 
The  diameters  of  the  circles  are  proportional  to  the  number  of 
species  known.  The  hashed  line  Is  Wallace's  line. 


In  addition  to  these  rather  thoroughly  domesticated  rodents  there 
are  a  large  number  of  smecles  of  rats  closely  allied  to  then  which  are 
found  from  the  warmer  parts  of  the  Asiatic  continent,  southward  and 
eastward  to  Hawaii.  There  is  no  point  in  listing  the  very  numerous  soecic 

The  numbers  of  these  native  soecies  show  a  very  definite  preo- 
gramhlcal  arrangement.  The  number  of  native  soecies  is  greatest  in 
extreme  southeastern  Asia  and  Sumatra,  declining  as  one  goes  away  from 
the  continent  or  as  one  goes  northward.  Furthermore,  the  number  of 
soecies  declines  as  the  islands  get  smaller.  This  relatlonshlo  is 
shown  grnohlcally  on  the  accommanyirg  nan,  where  it  win  be  noted  that 
the  Celebes  forms  an  exceotion  since  it  has  more  native  soecies  than 
La lay a.  It  will  be  noted  also  that  a  dashed  line  has  be^n  drawn  on 
the  nap  passing  between  the  islands  of  Bali  and  Lombok  and  the  Celebes 
and  Gllolo  and  the  Philipoines  and  the  Pelews.  .Eastward  of  this  line 
there  is  a  very  remarkable  decline  in  the  number  of  soecies  so  that 
even  New  Guinea  has  only  a  few  more  native  species  than  the  much 
smaller  island  of  Java.  This  is  Wallace's  Line  with  some  modification. 

The  imoortance  of  mentioning  these  native  soecies  is  that  we  have 
little  information  about  their  habits,  and  wo  can  only  say  that  the 
oresence  of  a  large  number  of  native  species  renders  it  more  orobable 
that  one  or  more  of  them  will, succeed  in  invading  storehouses  and 
dwellings.  Where  only  a  few  species  occur,  the  risk  of  this  invasion 
is  correspondingly  diminished.  It  is  oerhaos  germane  to  oolnt  out 
here  that  the  occurrence  of  these  native  rats  is  closeiy  associated 
with  the  history  of  bubonic  mlngue  in  the  Pacific  area.  Fortunately 
it  is  possible  to  make  certain  recommendations,  which  win  be  done  * 
later,  th° t  will  tend  to  minimize  the  difficulties  to  be  met  with  on 
account  of  rodents.  Primarily,  of  course,  those  consist  in  (1)  keen¬ 
ing  food  out  of  their  reach  and  (2)  depriving  them  of  shelters  in 
immediate  vicinity  of  dwelling  nieces. 

It  should  also  be  pointed  out  th*>  t  some  rodents,  such  as  mor- 
cuplnes,  which  arc  not  ordinarily  destructive  of  stored  materials,  will 
attack  wood  which  has  become  soiled  with  grease,  mertlculnrly  from  gnit 
or  smoked  meat,  or  has  been  soaked  with  salt  wnter.  They  may  do  very 
considerable  damage,. 

3d2.  Carnivores 

The  only  bears  which  are  at  all  destructive  occur  in  the  colder 
marts  of  the  northern  hemlsnhere.  This,  of  course,  includes  nrec- 
tlqally  all  the  known  bears,  since  outside  the  region  mentioned  there 
are  only  the  Malayan  sun  bear  and  the  spectacled  bear  of  the  high 
Andes.  The  northern  bears  fall  into  two  grouns,  the  gray,  brown,  and 
black  bears,  which  Include  the  grlzzlys  *nd  the  ordinary  brown  and 
black  bears  of  America  and  Eurome,  and  the  molar  bear,  which  is  the 
only  white  bear.  The  first  groum  normally  hibernates  and  is,  for  the 
most  part,  terrestrial;  the  molar  bear  does  not  hibernate,  is  strongly 
aquatic  and  subsists  mostly  umon  seal.  5 
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The  wolverine  is  a  comparati  vely  small  animal,  attaining  the 
weight  of  oerhaos  fifty  pounds,  and  found  from  at  least  southern 
Canada  to  the  Arctic  Ocean,  In  is  very  powerful,  in  proportion  to 
its  weight. 

The  essential  point  in  the  protection  of  stores  from  carnivores 
is  that  the  animals  should  not  be  able  to  smell  anything  which  they 
can  recognize  as  food.  So  far  as  the  wolverine  and  the  grizzly  and 
brown  bears  are  concerned,  almost  any  sort  of  meat  would  be  so  recog¬ 
nized.  In  the  case  of  the  polar  bear,  on  the  other  hand,  Dr.  Stefanssor 
points  out  to  me  that  although  the  polar  bear  will  come  up  wind  a  long 
distance  to  seal  me^t,  it  will  Ignore  caribou  meat  which  is  close  by* 

I  think  he  is  correct  in  saying  that  this  is  because  for  the  polar  bear 
caribou  is  not  food.  In  the  section  on  control  I  win  discuss  a 
possible  construction  of  animal-proof  caches. 
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4.  SUMMARY  OF  CONTROL  METHODS  AND  SUBSTANCES 


Speaking  in  the  most  general  terms  we  can  obviously  control 
insects  either  by  oreventlon  of  infestation  or  by  curing:  the  infestation 
after  it  occurs  end  it  will  be  useful  here  to  summarize  the  tyres  of 
nethods  which  follow  under  these  two  headings.  On  the  other  hand,  for 
practical  purposes,  a  classification  based  on  the  nethods  themselves 
'’ather  than  their  tine  relation  to  the  infestation  seems  nore  useful 
and  the  latter  course  'ill  be  adooted  in  the  major  discussion. 

1.  Prevention.  For  our  purposes  we  nay  consider  four 
nethods  of  preventing  insect  Infestation. 

a.  Separation  of  the  insects  fron  the  material  to  be 
protected  by  an  impassable  barrier.  Two  examples  of  this  are  the  use 
of  a  copper  shield  between  concrete  foundation  and  the  wood  of  a  build¬ 
ing  to  prevent  passage  of  subterranean  termites  and  the  storage  of 
foods  in  insect-tight  glass  or  metal  containers. 

b.  Poisoning  of  the  material.  A  simple  illustration 
of  this  is  the  impregnation  of  wood  with  creosote. 

c.  Substitution  of  immune  materials  as,  for  example, 
the  use  of  concrete?  instead  of  wooden  posts  under  buildings. 

d.  Environmental  control.  One  of  the  most  familiar 
examples  is  the  cold  storage  of  furs.  In  effect,  the  material  is 
removed  to  an  environment  in  which  the  Infesting  insects  are  inactive. 

2.  Cure.  Here  wc  are  committed,  on  the  whole,  to  killing 
the  insects  after  they  have  reached  and  generally  begun  to  multiply 
in  the  material  and  v/e  may  do  this  by. 3  general  sorts  of  methods. 

a.  Physlcrl  methods.  Of  th^sc  the  most  useful  is 
heat.  This  will  be  discussed  in  more  detail  later  but  it  suffices  to 
say  that  no  insect  is  able  to  withstand,  for. any  length  of  time, 
temperatures  in  the  general  vicinity  of  l4o°F  or  higher.  This  holds, 
oy  the  v/ay,  even  of  insects  found  in  deserts.  Such  Insects  possess 
special  adaptations  for  avoiding  extreme  heat.  Cold  and  light  are 
not  adequate  methods  for  klllinr  Insects  under  ordinary  conditions, 
although  they  nay  prove  to  be  very  useful  adjuvants. 

b.  Poison.  There  arc  now  known,  at  least,  some 
hundreds  of  substances  which  are  poisonous  to  insects  and  we  nay  say, 

In  general,  that  any  substance  which  is  poisonous  to  the  hierher  animals 
will  be  in  some  degree  poisonous  to  Insects  and  vice  versa.  There  are 
4  main  methods  of  oolspnlng  injects. 

1.  Balts.  That  1 8  food  materials  which  have 
been  nixed  with  a  poison  *nd  which,  therefore,  attract  the  insects  to 
the  Poison. 


119 


2.  Sorays.  Liquid  ooisons  distributed  In  the 
fom  of  fine  droplets.  These  nay  act  either  by  contact  with  the  insect 
or  by  giving  out  a  vnoor  which  Is  oolsonous,  the  former  is  the  usual 
mechanism. 


3.  Solid  contact  noisons.  The  usual  roach 
rowders  are  of  this  nature.  That  is  «’e  use  a  finely  divided  solid 
which  adheres  to  the  insect  and  the  poisonous  effect  nay  be  obtained 
either  by. passage  of  the  material  through  the  integument  of  the  Insect 
or  by  the  insect  grooming  itself  and  swallowing  some  of  the  oolsonous 
substance. 

4.  Fumigation.  This  is  the  Introduction  of  a 
oolsonous  gas  into  the  space  in  which  the  insects  are  situated.  It 
is  of  no  consequence  whether  the  fumigant  is  originally  introduced  as 
a  gas  or  as  a  liquid  which  volatilizes,. 


c.  Biological  methods.  These  correspond,  generally 
sneaking  to  the  methods  of  environmental  control  noticed  under 
prevention.  They  utilize  the  habits  of  certain  oredacious  or 
oarasitic  organisms  which  depend  for  their  food  uoon  attacking  that 
species  of  Insect  of  which  we  wish  to  be  rid. 

I  will  consider  actual  methods  of  which  we  can  make  use  under 
five  heads: 

aj  Poisons. 

b,  Ground  treatments.. 

c,  Wood  treatments. 

d,  Structural  methods. 

e,  General  oroceduros. 

f,  Soecial  oroccdures. 

4a.  Poisons 

It  will  be  convenient  to  discuss  ooisons  and  closely  related 
control  substances  under  six  heads  as  follows: 

1.  Baits 

2,  Sorays 
Fumigants 

4,  Contact  solids 

5.  Moth  nroofing,  etc. 

b.  Reoellonts 

4al.  Balts 


There  is  no  one  bait  which  will  work  for  all  insects  under 
all  conditions.  It  Is,  therefore,  necessary  to  determine  in  some  general 
terns,  at  least,  the  type  of  insect  oresent,  and  its  habits.  This 
deterniaation  can  be  made  with  sufficient  accuracy  by  means  of  the  keys 
already  given,  oarticularly  in  section  lf6.  Where  there  Is  any  Question 
as  to  the  habits  of  the  organism,  which  Is  most  likely  to  arise  In  the 
case  of  ants,  there  should  be  no  difficulty  in  testing  with  the  use  of 
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sugar,  £vnm,  and  meat  scrap,  since  one  or  the  other  of  these  is  pretty 
certain  to  attract  any  house  ants. 

It  is  rather  important  in  making  up  baits  that  the  com¬ 
pounding  be  done  with  considerable  accuracy.  This  is  especially  true 
of  ants,  which  may  be  repelled  by  a  bait  too  strongly  poisoned,  or, 

,rhat  is  often  more  important,  the  poison  if  taken  will  act  so  quickly 
that  the  ants  have  no  opportunity  to  return  to  the  nest  and  distribute 
dosds  of  poison  to  other  members  of  the  colony  by  regurgitation.  I, 
therefore,  take  up  a  selected  series  of  baits,  according  to  the  groups 
of  organisms  to  which  they  are  best  adapted. 

Sllvcrf lsh 

a.  4  or.  plain  wheat  flour,  4  oz.  sugar,  1/6  oz. 
salt,'  1  oz.  finely  oowd.  Ne^SiFg,  1/2  oz.  gelatin 
3  ot.  water;  make  flour  into  cold  p^ste  with 
part  of  water;  add  rest  of  water;  heat  to  form 
paste;  stir  in  other  Ingredients;  spread  hot  on 
c°rds  and  let  dry. 

b.  1  Pt.  NngSiFg  j.  9  r>t.  powd.  sugar.  (Use  as  a 
dry  powder. 

Crickets 

a.  20#  rice  or  whept  flour,  1#  NagSlFg,  1#  molasses 
with  water  to  moisten. 

b.  4  oz.  As^Ot  or  Paris  green,  1  Pt.  molasses, 

1  qt.  H20,  5#  bran,  1/2  tso.  amyl  Ac,  12  oz.  NnCl. 

It  is  probable  that  baits  of  this  nature  "*111  also  be 
effective  against  other  related  organisms  such  ns  grasshoppers,  and 
could  probably  be  used  against  earwigs. 


Roaches  -  baits 

a.  Towdered  borax  .  .  .  3  Parts 

ground  pyre  thrum  ,  .  .  .  ,  1  part 

sugar  or  chocolate  ....  small  amount 

b.  Plaster  of  Paris . 1  part 

sugar .  2  parts 

(use  dry) 


It  Is  generally  considered  that  roaches  are  more  effec¬ 
tively  controlled  by  trapping  or  by  the  use  of  solid  contact  poisons. 
These  methods  will  be  noticed  later. 

There  arc  other  poisons  which  have  been  used  against 
roaches.  One  of  them  is  a  bait  consisting  of  one  part  sodium  fluoride 
to  ten  parts  of  yellow  corn  meal.  It  is  a  rather  slow  acting  bait, 
but  reasonably  effective  against  the  German  roach. 

It  has  been  shown  in  recent  years  that  the  various  roaches 
are  by  no  means  equally  affected  by  a  given  poison.  For  example,  some 
tests  aade  using  yellow  phosphorus  as  the  poison  demonstrated 
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numerically  v'hat  had  long  been  known  ns  a  practical  observation  by 
professional  operators,  that  it  is  /ery  much  easier  to  kill  the 
American  roach  with  phosphorus  than  it  is  to  1:111  the  German  roadh. 
The  latter  species  requires  nrproxirna tely  five  times  the  amount  of 
phosphorus  per  unit  of  body  weight  ns  the  former,  #e,  therefore, 
cannot  recommend  yellow  phosphorus  as  n  rood  general  ro*ch  poison. 

Earwigs 

""UajSlFg  1  part,  wh^at  bran  12  parts,  fish  oil  1  o«rt. 

Beetles 


Apparently  no  one  has,  used  poison  baits  for  the  control 
of  stored-oroduct  beetles,  and  it  is  hipfrly  unlikely  that  such  baits 
would  work  against  grain  beetles.  It  night,  on  the  other  hand,  be 
possible  to  control  larder  beetles  by  poison  baits  based  on  some  of 
the  more  attractive  substances,  such  as  bacon. 

Ants 

a  7  Na  areenite  1  part,  water  IE  parts,  honey  2EE  parts. 

b.  1#  sugar,  1/4  oz.  borax,  1  ot.  water,  to  which  is 
added  1/16  oz.  Na  arsenite  in  2  oz.  water  and 
finally  1  oz.  honey. 

c.  100  oz.  sugar,  2b  Pt.  HjO,  6.1  oz.  tartaric  acid 
0.1  oz.  Na  benzoate,  0.3  oz.  Na  arsenite. 

d.  1  Pt.  tartar  emetic,  100  pt.  lard. 

e.  bacon  rind,  into  which  tartnr  emetic  has  b^en 
rubbed. 

f.  tartar  emetic  1  part,  sugar  10  ports,  "-"ter 
100  part 8 

g.  molasses  4#,  water  1  qt.,  Na  arsenite  1/2  oz., 
ground  up  orange  1, 

Of  these  only  d  and  e  ere  suitable  for  neat  nnts:  the 
others  are  for  use  against  sugar  ants. 

If  an  ant  bait  falls  to  work,  one  or  more  of  the  follow¬ 
ing  reasons  may  be  involved: 

a.  It  may  contain  the  wr0ng  attract**nt,  that  is  to 
say,  we  nay  be  trying  to  attract  sugar  -»nts  -i-ith 
neat,  or  vice  versa, 

b.  It  nay  ba  too  toxic.  In  such  a  case  the  ants  '”hlch 
are  actually  taking  bait  nay  bo  killed,  but  the 
destruction  of  the  colony  will  depend  upon  visits 
by  practically  all  of  its  members,  or  the  b*lt  nay 
actually  repel  the  ants  because  of  the  high  con¬ 
centration  of  the  poison. 

c.  There  may  be  an  insufficient  number  of  dispensers. 

It  isn't  easy  to  see  the  biological  reason  for 
thi3  lrst  point,  but  it  is  "'ell  known,  as  a  matter 
of  practical  experience. 
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The  following:  points  based  on  observations  on  several 
cpecles  of  sugar  ants  In  Geimany  nay  be  helofu.1  In  connection  with 
the  Modification  of  existing  ant  halts:  Each  sondes  reacts 
differently,  but  all  those  tried  are  "attracted"  by  such  sugars  as 
glucose,  fructose,  and  saccaroso  In  solution  at  concentrations 
ranging  from  l/SOO  nolal  to  1  nolnl,  but  take  no  interest  in  lactose, 
arabinose  or  xylose. 

Dispense rs 


Obviously,  the  -ay  in  ”'hich  any  poison  is  to  be  n^de 
"•vnllable  to  the  insects  depends  on,  first,  the  character  of  the  bait 
or  poison:  second,  the  habits  of  the  insects  themselves;  and  third, 
adequate  protection  of  nan  and  animals  from  the  poison.  A  proper 
design  of  dispensers  will  take  into  'tecount  all  of  these  items.  I 
have  above  glv^n  a  description  in  certain  c^ses  of  the  physical  state 
of  the  material  as  used.  Evidently  the  first  bait  under  Silver dsh 
is  ultimately  drj  and  the  cards  nay  be  put  out  of  the  way  in  places 
in  the  building  where  silverfinh  have  actually  baen  seen" to  go. 

Powders  are  ordinarily  either  placed  along  the  edges  of 
rooms  or  shelves,  in  the  form  of  a  snnll  windrow,  or  with  the  usn  of 
a  dust  gun  are  blown  against  the  bottoms  of  «7»Hg  or  into  drapers  and 
also  into  crocks.  It  Is,  of  course,  perfectly  Plain  that  the  first 
method  allows  a  bettor  separation  between  the  poisoned  nnteri°l  and 
containers  of  food;  the  second  method  can  only  be  used  with  safety 
where  no  human  food  is  involved  or  where  only  the  wriig  are  powdered. 

I  suppose  th°t  from  the  standpoint  of  the  army  the  application  of 
dusts  in  the  ordinary  conncrci''l  ^.ys  would  be  frowned  upon  plnce  the 

dust  should  be  left  in  place  for  at  least  a  wf>gk  or  ten  day?,  *>nd 

consequently,  thorough  cleaning  can  not  be  undertaken  during  that 
period. 

Syrup  baits,  which  arc  particularly  ant  baits  a-c  and  g, 
have  usually  to  be  put  in  a  waterproof  container,  such  as  a  small 
metal  cnn  or  box,  or  a  wg.xed  paper  cup.  Thee°  syrups  are  likely  to 
pick  up  water  and  increase  considerably  in  both  volume  «nd  fluidity 
upon  standing.  The  dispensers  can  be  out  in  reasonably  out-of-the- 
way  places.  In  a  few  cnses  the  cyruns  are  stiff  enough  so  th»t  thpy 
may  be  placed  in  dispensers  like  an  ordinary  Pill  box  with  two  or 
more  openings,  1/S  to  1/4  inches  square,  cut  in  the  upper  h"lf  of  the 

wall.  The  ants  enter  and  leave,  of  course,  through  these  openings. 

It  does  not  seen  to  be  feasible  to  use  similar  covered  dispenser? 
against  crickets  and  roaches;  the  openings  required  are  too  large, 
Th°re  are  a  few  commercial  ant  poisons  which  are  very  nearly  dry,  and 
which  are  sold  in  the  form  of  a  sugary  material  pressed  into  a  croM,n 
cap.  This  sort  of  device  is  known  commercially  as  an  "ant  button". 
The  poison  involved  in  commercial  ant  buttons  nnd  ant  Jellies  in  nor¬ 
mal  times  is  thallium  sulphate. 
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4  n2.  Sr rays 

Most  Insect  sprays  consist  of  a  poisonous  material 
dissolved  in  an  appropriate  solvent,  which  is  usually  a  light  paraffin 
oil  of  the  general  tyre  of  Stoddard  solvent,  but  any  good  grade  of  kero¬ 
sene  will  do.  Not  infrequently,  some  stabl ilizlng  or  activating  substanc 
is  Included.  A  fe>"  poisons,  notably  nicotine  are  best  handled  in 
aaueous  solutions,  and  consequently  have  had  relatively  little  enploy- 
nent  in  the  treatment  of  household  rests.  The  attempt  on  the  part  of 
the  manufacturers  of  household  sorays  has  been  to  achieve  a  nearly  odor¬ 
less  array  in  which  the  solvent  Is  relatively  quickly  volatile  and  which 
does  not  stain  wallpaper  or  hangings. 

The  following  four  groups  of  substances  seam  to  be 
especially  adapted  for  use  as  arrays:  (a)  aliphatic  thiocyanates  and 
lsothiocyanates;  (b)  pyrethrun,  or  more  or  less  purified ' extracts  of 
it  containing  oyrethrlns,  (c)  rotenone,  and  (d)  nicotine. 

'Vhile  the  amount  of  poison  used  per  unit  volume  in  anv  of 
these  sprays  is  not  large,  and  it  night  appear  that  the  material  could 
be  readily  shipped,  it  win  be  noticed  that  the  diluent  reoulred  in 
most  cases  is  not  locally  obtainable  and  would  also  have  to  be  shipped 
to  the  point  where  the  spray  was  to  be  used.  Therefore,  I  an  not  giving 
formulae  for  the  compounding  of  the  sprays.  It  seams  bettor  on  the 
whole  that  sorays,  particularly  le thane  or  pyrethrun,  be.  obtained  ready 
for  use  in  this  country  and  shipped  abroad.  This,  of  course,  do^s  not 
hold  for  nicotine  and  some  rotenone  sorays  which  are  diluted* with  wrter- 
however,  for  the  most  part,  these  arrays  are  less  useful  than  the  oil 
base  sprays. 


Taking  the  first  t'«-o  materials,  the  choice  of  snrey 
depends  only  in  slight  measure  upon  the  sort  of  insect  which  it  is 
desired  to  kill.  There  are  two  general  methods  of  U3lng  3orey3.  Orr 
is  to  apply  the  spray  to  surfaces  over  which  insects  nay  run  or  force 
it  into  cracks  where  the  Insects  hid".  In  this  case,  it  is  expected 
that  the  Insects  will  pick  up  the  material  from  the  surface  and  that 
the  spray  will  be  effective  after  the  solvent  has  evaporated.  The 
other  procedure  is  to  use  the  srrny  to  form  a  mist  in  the  air  depend- 
lng  upon  the  insects'  flying  into  it  or  being  affected  by  the* vola¬ 
tilization  of  the  poison,  as  wen  ra  the  solvent.  Tills  latter  method 
seems  to  be  somewhat  feasible  In  the  case  of  pyrethrun,  but  it  is  ""ell 
known  that  the  best  knock-down  of  flies  and  mosquitoes  is  obtained  by 
actually  striking  the  Insects  ’*-lth  droplets  of  spray. 


Although  the  materials  used  as  poisons  are  not  espec¬ 
ially  toxic  to  nan,  they  are  somewhat  toxic.  Of  the  four  listed  here 
nicotine  Is  the  most  dangerous.  There  have  been  reports  of  the  occur^ 
renco  of  symptoms  upon  handling  the  thiocyanates,  although  it  Is  claimed 
that  the  use  of  lsothiocyanates  Is  not  accompanied,  by  evidences  of 
poisoning.  I  have  not  personally  had  sufficient  experience  with  the 

how  the  symptoms  appear.  In  the  cnse  of  pyre- 
concentratlons  of  the  vapor  In  a  room  lead  quickly 


le thane  sprays  to  know 
thrum,  relatively  high 
to  headache.  This  is, 
pyrethrun  powders  In  a 


of  course,  more  easily  obtained  by  the  use  of 
closed  room. 
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Rotenone  has  a  considerable  local  anesthetic  effect, 
even  In  moderate  doses.  A  small  amount  of  rotenone  dust  in  the  mouth 
causes  a  tingling  sensation  on  the  tongue  followed  by  transitory  numb¬ 
ness.  This  effect  is  noticeable,  although  apparently  not  dangerous. 

In  the  cases  of  pyrethrurc  and  rotenone  it  is  considered 
necessary  to  use  a  stabilizer  in  the  soray.  Oil  of  sesame  is  the  usual 
one  in  the  former  cage. 

We  must  also  point  out  th*t  at  the  present  tine  supplies 
of  both  pyrethrun  and  rotenone  nre  scanty  and  since  the  latter  is  of 
special  importance  to  agriculture,  it  would  senm  desirable  to  avoid  its 
use  in  household  sprays  where  the  1" thane  grout)  are  at  least  as  rood 
and  more  readily  obtainable. 

4a?.  Fumigants 


We  nay  divide  fumigants  into  two  groups;  those  which 
are  applied  primarily  as  gas  and  those  which  are  applied  *s  solids  "’hich 
volatilize.  The  familiar  members  of  the  first  rrour  are  hydrocyanic 
acid,  methyl  bromide,  ethylene  oxide,  carbon  monoxide,  pulnhur  dioxide, 
and  formaldehyde.  In  the  second  group  we  may  Place  particularly  pnrn- 
dichlorob^nrene,  calcium  cyanide,  and  calcium  cyennnide.  One  litrild, 
orthodl chlorobenzene,  nay  also  be  considered  with  the  solids.  These 
various  substances  differ  sonewhnt  in  th**lr  applicability  and  In  th°lr 
effectiveness. 


(a)  Hydrocyanic  acid 

This  is  in  some  respects  the  most  poisonous,  the  most 
effective  and,  at  th*  same  time,  the  most  dangerous  of  nil  insecticides. 
Because  it  is  so  highly  effective,  it  hrs  been  employed  in  recent  years 
almost  to  the  exclusion  of  other  fumigants.  Its  enormous  toxicity 
imposes  very  special  nroblens  in  connection  with  its  use.  As  is  '"ell 
known,  it  is  at  ordinary  temperatures  a  very  volatile  liquid.  The  gng 
has  about  the  sane  specific  gravity  as  air.  It  therefore  penetrates 
cracks  fairly  readily  and  is  fairly  easily  distributed  through  n  build¬ 
ing.  It  is  colorless,  apparently  tasteless,  and  according  to  the  text 
books,  has  a  characteristic  odor  of  bitter  almonds.  The  difficulty  with 
this  ls6t  characteristic  1r  that  no  one  nowadays  is  familiar  with  the 
odor  of  decomposing  bitter  almonds.  In  addition,  it  would  appear  th^t 
not  everyone  detects  the  odor  readily.  I  can  say  from  personal  experienc 
having  used  cyanides  for  a  number  of  years,  that  I  have  been  able  to 
detect  the  odor  only  on  two  or  three  occasions,  and  so  it  cannot  be 
assumed  that  a  lethal  concentration  in  the  air  will  be  detectable  by 
its  odor.  Attempts  have  been  made  to  get  around  this  difficulty  }n 
the  employment  by  mixing  other  substances  with  the  cyanide.  The  two 
that  have  boon  chiefly  used  are  cyanogen  ch'-^pido  and  chlorricrin. .  The 
difficulty  in  the  employment  of  either  of  these  substances  is  that  their 
specific  gravity  is  much  greater  than  that  of  the  hydrocyanic  acid,  and 
it  does  not  yet"  seen  possible  to  guarantee  that  they  will  distribute  then- 
selves  in  n  building  in  exactly  the  sane  way  as  the  cyanide  gas  does. 
Chloroicrin,  however,  has  been  used  very  effectively  as  a  wprnim?  gas 
Introduced  into  holds  of  vessels  a  little  while  in  advance  of  the  intro¬ 
duction  of  the  cyanide. 
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The  dosages  of  cyanide  required  vary  '••lth  temperature, 
probably  to  some  extent  with  humidity,  but  are  of  the  general  order  of 
a  few  oupces  to  a  thousand  cubic  feet.  The  poison  "ill  not  only  kill 
all  the  active  stages  of  insects,  but  is  also  quite  effective  against 
the  eggs.  Very  few  other  insecticides,  as  ordinarily  employed,  ere 
effective  against  eggs  of  insects.  It  must  be  noted  plso  that  hydro¬ 
cyanic  acid  is  soluble  in  wnter  and  in  alcohol  and  slightly  so  in 
fats.  It. stains  copper,  silver,  gold,  and  brass,  at  least  in  the 
nresence  of.  moisture.  It  affects  a  few  dyes  ana  also  oho  t  ogre  oh  lc 
materials.  The  gas  is  inflammable  and  it  is  exoloslve  between  the 
limits  of  5 .6  ocr  cent  and  4o  oer  cent  by  volume  in  air. 

The  National  Pest  Control  Association  hns  set  uo  stan¬ 
dards  for  the  safe  emoloynent  of  fumigants,  and  esoecially  cyanide, 
which  are  based  on  the  actual  experience  of  the  members  and  those 
standards  are  included  herewith,  as  revised  to  October  2S,  1942.  In 
Section  6  I  propose  a  tentative  restatement  of  these  standards  for 
military  use. 

GOOD  DOMESTIC  FUMIGATION  PRACTICES 

1.  No  crew  be  allowed  to  fumigate  unless  they  are  properly  eciulo^- 
with  gas  masks  approved  by  the  U.  S.  Bureau  of  Mines  and  Vhich  have  been 
properly  tested  before  entering  into  the  gas. 

2.  All  fumigating  crews  be  required  to  carry  to  all  .lobs  sufflci^r 
wr.rnlng  signs  and  such  safety  d.cvlces  as  necessary, 

3.  No  fumigation  of  any  building  and  re-occupancy  taka  r>lace  with¬ 
in  the  same  24  hour  period,  and  in  no  event  shail  a  fumigated  so.ace  be 
re-occuolea  before  an  S  hour  ventilation  period.  This  does  not  Include 

a.  treatment  for  nice  or  rats  in  burrows  and  h°rborages. 

4.  No  partial  fumigation  of  any  building  be  allowed  unless  the 
entire  structure  be  vacated. 

5.  On  every  Job  cm :  or  more  watchmen  be  on  guard  outside  the 
fumigated  structure  during  the  entire  period  from  time  of  the  fumigation 
until  i^  is  safe  for  experienced  fumigators  to  enter  without  masks. 

6.  All  greasy  or  damp  foodstuffs  be  removed.  This  also  "111 
include  milk,  butter,  green  vegetables,  eggs,  opened  and  not  corked 
botties  of  liquids,  unexoosed  films,  fine  clocks,  *nd  all  plants  *nd 
nets. 


j.  All  toilets  are  to  be  flushed,  at  the  completion  of  the  fumi¬ 
gation.  If  toilets  are  used,  for  the  disposal  of  any  fumigant  residue, 
several  flushings  should  be  made. 

g.  Any  premise  to  be  fumigated  "111  be  sealed  in  such  manner  as 
to  confine  the  fumigant  to  the  snace  Intended  to  be  fumigated  •'’nd  care¬ 
ful  examination  will  be  made  of  all  parts  of  the  enclosed  space  to 
determine  that  no  oersons  or  donestic  animals  remain  before  fumi¬ 
gation  material  is  distributed  and  the  final  exit  made. 
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9.  Lock  all  doors  and  accessible  windows;  place  warning  slrns 
on  all  entrances  before  the  funirnnt  Is  released. 


10.  Two  or  no  re  experienced  nen  be  on  every  fumiratlon  Job,  both 
at  the  tine  of  releasing  the  fumigant  and  at  the  tine  of  initial  venti¬ 
lation.  Under  no  circumstances  should  anyone  but  an  experienced  fumi- 
gator  be  permitted  to  conduct  or  supervise  a  fumigation. 

•  11.  Fumigation  reflations  in  effect  in  the  city,  municipality, 
or  state  in  which  fumigation  operations  are  to  be  performed  will  be 
strictly  complied  with.  In  the  event  of  no  local  ordinance  or  law  per¬ 
taining  to  fumigation  operations,  notification  Bhould  be  made  at  least 
to  the  fire  department  and  recommend  notifying  the  police  department 
or  any  sub-division  of  the  local  municipal  government  that  would  have 
Jurisdiction  over  fumigation  operations. 

12.  All  bedding  and  overstuffed  material  as  well  *s  absorbing 
articles  such  as  woolens  and  furs  should  be  placed  for  easy  penetration 
and  ventilation  of  the  fumigant.  It  is  recommended  that  the  structure 
be  heated  when  necessary  to  assist  to  drive  the  fumigant  out  of  the 
materials.  The  use  of  fans  or  any  other  mechanical  means  of  venti¬ 
lation  is  recommended. 


13.  Extreme  caution  should  be  taken  to  make  sure  that  all  tenants 
are  notified  of  the  fumigation  as  to  the  tine  to  vacate  and  when  to  re¬ 
enter  the  premises.  It  is  recommended  that  ouch  notification  should 
be  made  in  writing  to  each  individual  or  a  notice  posted  In  a  con¬ 
spicuous  place  in  the  building. 


14.  Each  crew  be  outfitted  with  a  safety  kit  containing  the 
following: 


(a)  a  diagram  showing  the  Schafer  Prone  Method  of 
resuscitation. 

(b)  smelling  salts  (Ammonium  carbonate). 

(c)  Amyl  Nitrite,  5  minims. 

(d)  gaure  bandage, . Band-Aid  adhesive  t*pe  and  an 
ant iseptlc. 

(e)  Turkish  towels. 

if)  new  canister, 
g)  permit,  if  such  is  required 
h)  aromatic  spirits  of  ammonia 

(well  stoppered  and  in  a  dark  bottle) 


15  No  fumigation  project  be  carried  out  unless  the  operators  be 
familiar  with  the  Schafer  Prone  Method,  especially  on  Cyanide  fumi¬ 
gations  , 

16.  No  person  will  be  permitted  to  enter  the  fumigated  premises 
before  the  funlgntor  has  satisfied  himself  by  personal  inspection  with¬ 
out  gas  mask  that  it  is  safe  for  occupancy. 


( 
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(b)  When  test  capers  are  used  for  the  detection  of  cyanide, 
it  is  recomended  that  a  color  chart  be  used. 

(c)  Warning  signs  should  include  the  name  of  the  fumigant, 

the  fumigator,  with  the  address  and  telephone  number;  the  word  "Danger" 
and  Shull  and  Cross  Bones;  and  printed  black  on  red,  or  rpd  on  white; 
the  letters  to  be  two  Inches  in  height. 

(d)  An  additional  gas  mask  and  canister  shall  be  available 
on  all  fumigating  Jobs. 

(b)  Methyl  bromide 

This  substance  has  commanded  a  great  deal  of  respect  in 
recent. years  as  a  somewhat  safer  fumigant  than  cyanide,  especially  for 
foodstuffs.  It  is,  of  course,  an  anesthetic  and,  therefore,  dangerous 
to  man.  It  has  a  rather  heavy  vapor  and  therefore  should  be  applied 
toward  the  top  of  a  building,  but  is  apparently  satisfactory  for  chamber 
fumigation  and  similar  procedures.  Methyl  bromide  is  stated  to  cause 
some  slight  injury  to  rubber,  leather,  ana  furs.  It  would  also  be 
absorbed  by  any  f»tty  materials.  Other  foodstuffs  will  also  absorb 
this  gas  to  some  extent.  Flour,  for  example,  may  hold  250  parts  per 
million. 


Dr.  B.  E.  Proctor  brought  to  my  attention  some  data 
chiefly  on  the  use  of  methyl  bromide,  and  from  those  I  quote  the  method 
of  treatment  for  grain,  which  13  also  applicable  to  dried  fruits.  The 
sane  data  sheets  recommend,  however,  giving  nut  meats  only  half  the 
exposure  tine.  A  quite  similar  procedure  could  be  used  for  almost  any 
dry  food  in  sacks. 

Pre-treatment  requirements  -  if  gr^ln  is  stored  in  bulk,  a 
gas-tight  bin  is  essential  for  high  kills. 

If  grain  is  stored  in  bags,  and  treatment  under  rubberized  tar 
onullns  is  to  be  made,  placement  on  a,  gas-tight  floor  is  essential.  Con¬ 
crete  or  earth  floors. are  preferable.  If  floor  is  of  open  wooden  con¬ 
struction,  grain  should  be  moved  to  a  new  location  and  r^stacked  on  l«ooe 
rows  of  roofing  paper.  For  optimum  results,  dumps  of  five  bags  high  are 
advisable. 


Extra  bags  of  grain  placed  top  of  the  stack  proper  at  each 
corner  as  ’.veil  as  here  and  there  in  the  middle,  will  hold  the  tarpaulin 
above  the  grain  mass,  thus  effecting  an  air  dome,  greatly  facilitating 
gas  diffusion  and  efficiency. 

After  injection  tubes  are  set  at  the  upper  part  of  stack,  tar¬ 
paulin  edges  should  be  dropped  ana  weighted  down  entirely  around  stack  to 
prevent  leakage.  Either  s^ndsnakes  or  extra  bags  of  gr«in  are  advisable 
for  this  purpose.  Dimension  lumber,  while  sufficiently  heavy,  Is  too 
rigid  to  account  for  the  usual  undulations  of  the  floor,  thus  permitting 
gas  leakage. 
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Test  base  of  tarpaulin  with  halide  test  lanp  for  leakage  five 
ninutes  following  Injection. 

Under  no  circumstances  should  canvas  tarpaulins  be  used,  as 
they  will  not  retain  the  vapors  of  methyl  bromide. 

Treatment  Requirements 


Dosage  -  1  lb.  per  M.  cu.  ft. 

Exposure  -  24  hours 

Higher  efficiency  will  be  realiz'd  if  treatment  is  made  when 
rrain  temperatures  are  above  6o°F. 

(c)  Ethylene  oxide 

This  fumigant  appears  mostly  in  the  form  of  commercial 
mixtures  of  It  with  carbon  dioxide  (usually  1  part  ethylene  oxide  to 
9  parts  carbon  dioxide).  It  has  been  used  somewhat  extensively  In  the 
dlslnfestat Ion  of  flour  and  grain,  It  is  inflammable  In  the  pure  form 
between  the  ilmlts  of  three  and  eighty  volumes  per  cent.  The  recommended 
dose  is  2  lb.  per  1000  cubic  feet. 

(d)  Carbon  monoxide 

As  a  pure  gas,  carbon  monoxide  now  is  rarely,  If  ever, 
used  as  a  fumigant,  but  there  arc  some  circumstances  under  which  the 
Impure  form  produced  by  automobile  exhaust  can  be  employed.  For  example, 
burrows  of. rats  can  be  fumigated  by  attaching  a  hose  tc  an  automobile 
exhaust  pipe  and  allowing  the  engine  to  pump  the  exhaust  fumes  down  Into 
the  burrow.  With  very  slight  modification,  this  same  method  can  'rell  be 
used  against  very  large  ant  nests.  In  the  lptter  case,  It  would  prob¬ 
ably  be  necessary  to  enlarge  one  of  the  openings  Into  the  nest  with  a 
rod,  In  order  to  Insert  the  \ose.  In  any  event,  wet  earth  should,  be 
placed  around  the  hose  to  make  a  tight  seal.  It  Is  probably  unnecessary 
to  point  out  that  carbon  monoxide  Is  n  very  dangerous  poison,  '‘nd  In  Its 
pure  form,  odorless,  tasteless,  and  Inflammable. 

(e)  Sulphur  dioxide 

Sulphur  dioxide,  produced  by  the  burning  of  sulphur,  Is 
an  old  and  well  known  fumigant.  It  Is  not,  however,  a  very  effective 
one.  It  Is  not  very  highly  toxic,  although  it  Is  very  Irritating.  As 
a  consequence,  Insects  subjected  to  It  tend  to  close  the  sniraclcs  and 
remain  alive;  furthermore,  the  gas  itself,  on  contact  v'th  wpter  forms 
sulphurous  acid.  Not  only  win  this  acid  corrode  metals,  but  as  well 
It  will  bleach  a  great  variety  of  pigments  end  dyestuffs.  On  the  whole, 
the  employment  of  sulphur  diox* de  for  most  purposes  cannot  be  recommended 
however,  In  figure  S2  I  show  a  device  which  Is  used  in  Brasil  for  the 
fumigation  of  the  nests  of  leaf-cutting  ants,  and  under  these  special 
circumstances,  sulphur  dioxide  appears  to  be  a  very  satisfactory  poison. 
The  s^ne  procedure  might  be  ufoq,  of  course,  against  large  nests  of  other 
sorts  of  ants. 
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Figure  82;  In  Per§  leaf  cut  tine  ants  are  killed  by 
rmmnlng  sulohur  fumes  Into  the  nest.  The  can  at  the 
left  contains  a  charcoal  fire  uoon  which  sulohur  has 
been  olnced.  This  can  Is  olaced  over  the  entrances 
and  the  fumes  are  blown  Into  the  nest  by  the  ounro  at 
the  right. 


(f)  Formaldehyde 


This  also  Is  8  well  known,  but  quite  unsatisfactory- 
fumigant.  It  is  somewhat  poisonous,  but  as  in  the  case  of  sulphur  dioxld 
its  irritating  properties  render  it  not  very  useful  against  insects.  Per¬ 
haps  Its  best  property  is  the  specific  gravity  of  the  gas,  which  is  about  • 
the  sane  as  that  of  air. 

(g)  Other  fumigants 

(1)  Chlorplcrln 

I  have  already  remarked  on  the  use  of  this  sub¬ 
stance  as  a  warning  gas.  It  can  be  used  by  itself  as  a  fumigant,  but 
only  of  course,  in  buildings  which  cm  be  completely  cleared  of  occupants 
In  even  rather  snail  dosages  the  gas  causes  vomiting.  Chlorpicrln  is 
not  particularly  volatile  and  is  usually  applied  as  a  spray  or  mixed  with 
carbon  tetrachloride.  It  is  a  difficult  material  to  dissipate,  clinging 
not  only  to  food,  but  to  almost  all  other  articles.  The  usual  dosage  Is 
2  pounds  to  1000  cubic  feet. 

(2)  Carbon  disulphide 

This  fumigant  is  of  course  very  well  known.  It 
can  be  used  only  in  buildings . that  can  be  evacuated.  It  is  not  axnecle.il 
toxic,  requiring  10  pounds  r>er  1000  cubic  fmt.  Its  rnrst  disadvantage 
is  its  extreme  Inflammability.  The  limits  are  one  and  fifty  ppr  cent 
by  volume  and  its  flash  point  is  extraordinarily  low,  a  few  Instances 
being  recorded  of  explosions  being  touched  off  at  around  100°F.  From 
this  point  of  view  it  Is  the  most  dangerous  of  all  funlgants. 

(3)  liethyl  formate 

This  substance  is  used  as  a  nlxture  of  lA  parts 
v-'lth  Zb  p°rts  of  carbon  dioxide.  It  has  b  en  found  reasonably  satis¬ 
factory.  The  inflammability  limits  are  six  and  twenty  volumes  ocr  cent. 

(*0  Ethylene  dichloride 

Although  this  material  has  brten  used  to  some 
extent  in. fumigation,  it  is  not  extremely  satisfactory  since  it  reouires 
the  high  dosage  of  14  pounds  per  1000  cubic  feet.  It  is  absorbed  by^olly 
materials.  It  Is  usually  used  as  a  mixture  of  3  parts  ’**lth  1  part  carbon 
tetrachloride.  The  Inflammability  Units  of  the  Pure  substance  are  six 
°nd  sixteen  volumes  per  cent. 

(5)  Carbon  tetrachloride 

This  material  has  been  somewhat  used  a  a  a  fumi¬ 
gant;  its  volatility  1 8  not  very  high  ns  compared  with  the  ordinary 
gaseous  fumigants  and  It  reouires  rather  n  high  dosage.  Like  some  of 
the  substances  ,’ust  mentioned,  It  is  absorbed  by  oily  materials.  It 


is  nuch  ~iore  useful  ns  a  diluent  for  ethylene  dichloride  end  propylene 
dichloride.  It  can,  however,  be  used  by  Itself  in  tight  containers, 
which  are  left  closed  most  of  the  tine.  Carbon  tetrachloride  Is  not 

iinfl°nnnble  but  must  not  bp  used  in  the  presence  of  an  open  flame  since, 
the  vaocrs,  passed  through  a  fl^ne,  produce  an  appreciable  quantity  of 
hydrochloric  acid  and  phosgene,  fron  which  serious  poisoning  can  result. 

The  following  three  substances  ere  not  applied  as  gases  but  nay  be 
considered  fumigants: 

| 

I 

(h)  Naphthalene 

I 

This  npterial  is  familiar  to  everyone  as  mothballs. 
It  is  very,  slow  acting,  but  can  be  used  quite  effectively  in  tight  «pacec 
•"hich  win’ remain  closed  for  a  long  tine.  The  amount  renuired  for  satu¬ 
ration  is  .04  pounds  per  1000  cubic  feet.  Naphthalene  cannot  be  used 
for  disinfestation  of  food,  since  it  is  absorbed  by  such  materials  and 
causes  a  tainted  taste. 

(1)  Paradichlorobenzene 

I 

In  the  fumigation  of  storage  spaces  used  for  textile 
especially  wood,  this  material  has  proved  to  be  quite  satisfactory.  It 
cannot,  however,  be  used  very  effectively  for  closets  that  are  to  be 
opened  very  frequently  since  it  is  a.  slow-acting  poison,  which  must  be 
present  at  very  near  saturation.  Saturation  requires  1/2  pound  per 
1000  cubic  faet.  It  cannot  be  used  with  foods  since  it  imparts  a.  serious 
taste,  and  in  the  case  of  grain  treated  with  it,  this  same  t^ste  affects 
the  flesh  of  animals  who  faed  on  it,  !-na  even  the  eggs  of  chickens. 

(J )  Ortho di chlorobenzene 

Aside  from  the  fact  that  this  is  a  liquid,  at  ordi¬ 
nary  temperatures  its  properties  are  very  similar  to  those  of  pa rndi ch¬ 
lorobenzene.  It  has  also  been  used  for  spraying  wood  infested  with  wood¬ 
boring  beetles  or  carpenter  ants  when  it  w*g  desired  to  eliminate  the 
infestation  without  replacing  the  wood.  The  vapor  of  this  substance 
should  not  be  inhaled,  it  nay  cause  collapse  with  symptoms  which  are  som 
”'hat  like  thosq  of  shock. 

4a 4 .  Contact  solids 

On. a  technical  basis  this  category  should  be  restricted 
to  those  solid  substances  which  are  in  Pon£>  way  able  to  .netrnte  the 
cuticle  of  insects.  In  practice,  a  sharp  line  between  contact  poisons 
end  stomach  poisons  cannot  be  drawn.  The  reason  for  this  is  that  most 
Insects,  having  cone  in  contact  with  some  foreign  substpnee,  proceed  to 
groom  themselves  and  thereby  to  swallow  more  or  less  of  the  substance. 
There  is  no  very  large  number  of  poisons  which  have  been  ascertained  to 
be  contact  poisons. 


a.  Ho rax 


This  substance  3ms  Deen  used  in  the  control  of  ants  for 
a  great  many  years.  The  usual  procedure  is  to  place  a  snail  windrow  of 
the  ponder  along  the  edge  of  a  door  sill  or  some  other  point  where  the 
ants  will  have  to  cross" it  to  enter  thp  roon.  It  has  not  been  proven 
that  borax  '"ill  penetrate  the  insect 1 s . cuticle ;  nonetheless,  it  is 
usually  used  as  though  it  were  a  contact  poison.  It  does  not  eoo^nr 
to  have  been  used  much  against  roaches.  In  the  first  place,  it  lacks 
adhesive  qualities,  and  in  the  second  place,  it  is  not  certain  thftt  it 
is  very  toxic  to  roaches.  It  is  used  nixed  with  sodiun  fluoride  (lNaF: 
10  borax) . 


b.  Sodium  fluoride 

This  is  the  most  useful  of  the  contact  insecticides  find 
one  whose  adherence  to  this  category  has  been  definitely  proven.  It  is 
usually  applied  much  as  borax  is,  but  it  is  fairly  adhesive  to  vertical 
surfaces  and  consequently  can  be  blown  against  them.  It  is  especially 
useful  against  roaches. 

Quite  recently,  Hr.  Harold  E,  Jennings,  216  West  Jackson 
Boulevard,  Chicago,  has  dovided  a  sodiun  fluoride  crayon,  consisting  of 
powder  comrcssed  to  the  general  dimensions  of. a  piece  of  blackboard 
chalk,  which  has  been  shown  to  be  a  satisfactory  method  of  producing 
on  vertical  surfaces  *  sodiun  fluoride  barrier.  Patents  on  this  device 
are  pending.  The  reports  that  I  have  seen  in  literature  look  very 
promising,  and  it  is  certainly  much  quicker  and  easier  to  apply  than 
powder  blown  from  a.  dust  gun.  It  should  be  noted,  however,  that  sodiun 
fluoride  1 8 ,  at  the  present  time,  a  critical  material. 

c.  Rotcnone 

I  have  already  mentioned  rotonone  in  connection  with 
sprays.  It  remains  only  to  point  out  thet.it  is  a  contact  Insecticide 
and  that  it  can  be  used  as  a  powder,  strongly  diluted  n'lth  some  inert 
material,  probably  preferably  pyrophyllite . 

d.  Pyre thrum 

Although  pyrethrum  is  most  usually  applied  as  a  spray, 
it  has  had,  at  least  in  the  ppst,  a  considerable  employment  as  an 
essential  Ingredient  of  insect  powders,  where  it  probably  plays  a  nuitlpl 
role.  The  familiar  powder  of  thie  type  is  "Black  Flag"  roach  powder. 
Pyrethrum  also  is, fairly  scarce. 

e.  Paris  green 

This  substance  is  not,  properly  speaking,  a  contact 
insecticide,  but  it  has  b'on  considerably  used  as  though  it  were. 
Actually  this  employment  depends  on  the  grooning  habits  of  the  insects. 
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As  an  exanole,  we  nay  cite  the  recommendation  In  the  caef 
of  Cannonotus  irritans,  to  dust  some  of  the  ants  every  day  with  Paris 
preen.  Also,  in  the  Philiooines,  Uichanco  has  6hown  that  termites  of 
certain  sorts,  e3pecinlly  the  milk  termite,  may  be  controlled  by  break¬ 
ing  open  a  small  nart  of  the  workings  an<?  blowing  in  n  snail  anount  of 
Paris  green  with  a  dust  gun.  The  termites  nick  ur>  bits  of  the  naterial 
and  take  it  into  the  stomach  by  grooming. 

4a5.  Mothproofing,  etc. 

The  term  mothoroof ing  signifies  the  application  to. cloth¬ 
ing  or  fur  of  some  substance,  which  orevents  at  least  most  of  the  attack 
from  moths.  It  is  evident  that  two  sorts  of  effect  nay  be  ^resent. 

a.  contact  repulsion 

•  b.  actual  poisoning  uoon  ingestion  of  a  snail 

amount  of  the  protected  naterial. 

It  does  not  seen  to  be  certain  that  the  connercial  moth¬ 
proofing  agents  have  been  very  completely  tested  to  determine  which  of 
these  two  properties  Is  involved  In  each  case. 

In  this  same  section,  we  can  also  take  un  the  problem  of 
beetle  ^roofing  against  carnet  beetles.  It  must  be  emnhasl7ed  at  the 
outset  that  all  the  experimental  work  indicates  very  strongly  that  sub¬ 
stances  good  against  moths  are  likely  not  to  be  good  against  beetles, 
and  vice  verso.  Mothproof lng  agents  fall  into  several  categories. 

af  substances  which  fom  a  poisonous,  adherent 
coating  on  the  fabric. 

b.  substances  which  penetrate  into  the  fabric  aftei 
the  fashion  of  wool  dyes. 

c.  finishes  which  are  Inedible,  such  as  at  least 
one  synthetic  resin. 

The  first  class  of  substances  has  the  disadvantage  that 
It  1 8  fairly  easily  removed  by  washing,  and  apparently  also  by  wear  and 
dry  cleaning.  The  second  and  third  croups  are  fairly  fast  In  washing 
and  at  least  moderately  fast  to  dry  cleaning. 

There  seems  to  be  no  good  purpose  to  be  served  by  even 
listing  the  rather  vast  number  of  patented  mothproofing  agents.  For  the 
majority  of  then  there  are  fewf  if  any,  actual  service  records  and  the 
patent  literature  Itself  does  not  tell  us  sufficiently  accurately  the 
composition  of  the  materials,  as  actually  employed.  Instead  I  shall  con¬ 
fine  myself  to  saying  something  about  a  few  mothproofing  agents  which 
are  actually  recommended  on  the  basis  of  tests  and  to  making  a  few 
suggestions  with  reference  to  one  or  two  possibilities. 


0.  Sodiun  aluminum  silicofluoride .  This  i3  known 
commercially  ne  "La.rvex".  It  Is  not  f»st  to  washing  with  water  although 
one  washing. does  not  remove  nil  of  the  addendum.  For  those  articles 
which  are  not  to  stand  washing  or  dry  cleaning,  this  treatment  is  hlghlv 
recommended.  * * 


b.  There  are  several  dye- type  mothproofing  agents.  The 
most  familiar  trade  nane  in  this  group  is  "Eulan".  This,  of  course  does 
not  represent  n  chemical  family.  The  manufacturers  of  this  grout)  in  this 
country  are  the  General  Dyestuff  Corporation  in  New  York.  Their  tech¬ 
nical  director,  Mr.  J.  R.  Bonnnr,  tells  me  that  the  following  have  been 
manufactured  by  them:  K  n 


(1)  Eulan  CN;  it  has  the  following  composition: 
Soaiun  2.2  -dihydroxy  ~.3-3'.  5 • 5 1 »  6-  pentachlorotrirhenylnethane  - 
2  -  eulphonate.  This  is  an  acid  dyestuff  and  is  recommended  by  the 

Department  of  Agriculture.  y 


Wltv,  ... .  ..  ..  i2]  Eulan  BL,  which  is  a  di chlorobenzene sulnhonamide . 

■Vith  this  diethylbutylglycolphosphate  is  used  as  r  solvent. 

(3)  Eulan  NK,  which  is  a  quaternary  ohosohonium  salt. 


these  the  firso  two  appear  to  bo  most  promising 
especially  if  an  attempt  wore  to  be  made  to  insect  proof  materials  *  other 
than  wool.  Unfortuna tely,  Eulan  BL  is  not  being  manufactured  for  the’ 
duration.  .Eulan  CN  could  only  be  utilized  with  cellulose  fabrics  by 

nninallzlng  the  fibres,  which  is  done  by  treating  the  cellulose  with  an 
isocyanate. 


Anothe r. Eulan  (Lfl)  applied  at  3  mer  cent  by  weight  is  sal 
to  resist  washing  well.  None  of  these  materials  are  completely  font  to 
washing  or  dry  cleaning. 


tex" 
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I  also  find  reliably  recommended  a  material  called  "Demo- 
,  which  is  produced  by  Denotex,  Inc.,  6S3  Fifth’ Avenue  New  York 
composition  of  this  material  is  not  known  to  me. 


*e  have  been  speaking  so  far  of  mothproofing  agents  in 
the  proper  sense.  There  is  relatively  less  known  about  beetle  proofing 
except  that  the  silicofluorldes  apparently  work  "-ell.  Dr.  Back  considers 
oentachlordioxytriphenylnethnnesulphonic  acid,  applied  in  the  dye  bath 
at  2  per  cent  by  weight,  to  be  good  against  carpet  beetles. 


In  the  past  some  little  use  has  bo°n  made  of  cinchona 
alkaloids.  One  material  of  this  sort  goes  under  the  tr pde  name  of  "Ko¬ 
na  te". 


c.  There  are  a  variety  of  substances  which  have  bean 
used  primarily  as  moldorooflng  agents  applied  to  cellulose  fabrics.  I 
know  of  no  tests  of  these  materials  directly  against  carpet  beetles  or 
clothes  moths,  and  applied  to  cellulose,  it  night  be  difficult  to  per- 
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suac3e  either  Insect  to  touch  then  at  all,  X  have,  however  myself 
made  some  teste  of  a  number  of  these  materials  against  'the ' eastern  sub¬ 
terranean  termite.  A  full  report  of  ny  tests  has  been  already  submitted 
to  Colonel  Doriot.  It  suffices  at  this  point  to  notice  only  the  best 
of  the  treatments  that  were  submitted. 


(1)  1  3/^  orthcrhenylphenol 

(2)  comer  naohthenate 

process  (a  rhenylmercurlc  lactate) 
(4)  1 %  corner  fluoride 


These  four  rrocesses  are  ranked  aroroxima tely  in  order 
of  diminishing  rrotectlon.  It  should  be  noted  that  in  the  case  of  the 
first  one,  a  lesser  dosage  does  not  rrotect. 


The  following:  four  cooper  compounds  related  to  Paris  p-reer 
might  have  some  significance  In  insect  proofing; 

(1)  copper  stearoarsenite 

(2)  copper  crotononreenite 

( 3 )  copper  lauroarsenite 

(4)  peanut  oil  green 
4a6.  Repellents 

In  theory,  at  least,  repellents  fall  into  t’«o  classes: 

a.  those  substances  which  crive  off  an  odor  ^rpreclable 
to  Insects  and  rerellent  to  them.  Such  substances,  as  a  conseauence 
may  act  at  a  distance.  This  la  the  ordinary  meaning'  of  the  term 
repellent. 

those  substances  which  repel  the  insect  only  after 
actual  contact  is  made.  These  may  hence  be  called  contact  repellents 
Relatively  little  is  known  about  them.  rtoeiients. 


ln  addition  a  considerable  number  of  substances  reorder 
as  repellents  in  the  literature  seem  not  to  come  under  either  of  these 
heads,  but  rather  to  be  substances  which  rerel  only  after  an  attemothas 
been  made  to  feed  on  them,  and  presumably,  at  least  a  minute  amount  of 
the  material  ingested.  The  literature  on  repellents  is  in  *  rather  bad 
condition  from  our  point  of  view.  In  the  first  Place,  most  of  the  work 
has  been  done  on  attrahents  and  repellents,  with  the  emphasis  primarily 
on  the  fomer  class  of  substances,  largely  because  they  are  very  much 
more  numerous  and  in  some  ways  the  reactions  of  the  Insects  much  nor« 
readily  measured. 


Further,  the  interest  in  repellents  has 
around  the  biting:  flies:  mosquitoes,  black  flies  horse 
like.  ' 


centered  largely 
flies,  and.  the 
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Mr.  Ii.  Hoskins  has  recently  presented  a  good  sunnary 
of  the  best  repellents  for  this  General  groun  of  insects.  Aeralnet  mos¬ 
quitoes  he  finds  that  the  active  ingredients  in  "Sta-way"  lotion  are 
very  satisfactory.  These  are  carbitol  and  butylcarbitol  acetate.  He 
quotes  from  Mackey  another  good  reoellent  for  biting  insects  as  follower 

Cone,  extract  of  oyre thrum  in  light  oil.  .  2  carts 


Oil  of  thyme . ' . 1  cart 

Castor  oil . 4  carts 


Two  other  recellent  substances  are  chenoxychloroethyl 
ether  and  butylmesityl-oxlde  oxalate. 

In  India  the  cowdered  bark  of  Mundulea  suberosa  is  used 
as  a  recellent  with  foodstuffs.  It  is  screed  on  as  a  rather  thick  layer 
( 1  to  2  Inches)  across  the  top  of  the  material  which  is  stored  in  an 
lmcervlous  container,  such  as  a  Jar.  I  iind  also  some  references  to  the 
use  of  tetramethylthiurnndisulohide. 

4b.  Ground  treatments. 

The  primary  curcose  of  a  ground  treatment  is  to  keec  casts 
from  taking  up  their  residence  beneath  or  immediately  adjacent  to  a 
building  or  to  eliminate  then  if  they  are  already  present.  The  first 
crocedure  is  necessarily,  then,  to  remove  possible  sheltering  objects, 
especially  vegetation.  This  does  not  mean  that  a  denuded  pence  of  any 
great  extent  must  be  left  around  the  periphery  of  th^  building.  In  the 
case  of  a  building  set  on  wooden  costs,  even  p  foot  or  two  Is  not  un¬ 
likely  to  be  ndequote  in  most  cases,  If  a  building,  on  the  other  hand, 
has  an  lmcervlous  concrete  foundation,  it  is  usually  not  necessary  to 
clear  any  space  around  the  building.  Further,  this  applies  on  the  whole 
only  to  small  vegetation,  grass  and  herbage,  Obvlpusly,  stumps  «nd 
burled  wood  should  be  removed  fron  the  ground  as  far  as  cosslble,  but 
trees  not  in  contact  with  the  building  may  be  left.  In  the  troclcs  It 
is  important  to  nake  sure  that  the  branches  of  such  trees  do  not  at  »nv 
point  actually  touch  the  building. 

Tnere  are  a  number  of  chemicals  which  have  been  utilized  for 
ground  treatments,.  Their  function  is,  of  course,  to  render  the  soil 
uninhabitable.  Some  of  then  in  any  event  crotect  against  rodents  as  well 
as  against  insects. 

1.  Crankcase  drainings. 

Any  sort  of  lubricating  oil,  such  as  would  come  out  of 
the  crankcase  of  the  motor  is  remarkably  effective.  It  is  of  no  conse¬ 
quence  how  dirty  it  nay  be,  nor  whether  it  is  somewhat  diluted  with  fuel. 
It  may  be  sprayed  or  distributed  generally  over  the  ground  beneath  a 
building  and  immediately  around  foundation  piers,  or  if  the  clearance 
between  the  ground,  and  the  building  is  sufficiently  great,  it  may  be 
restricted  to  the  area  innedlnteiy~nround  the  piers.  The  question  of 
clearance  will  be. taken  up  later.  This  treatment  is  at  least  somewhat 
(  effective  against  rodents  and  is  one  of  the  best  cheap  treatments  against 
ants  and  termites.  It  is  not,  of  course,  extremely  permanent,  but  is 
easily  renewed. 
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2.  Lime 


Lime,  either  aleck  or  quick,  nay  be  spread  on  the  poll; 
the  amount  required  Is  a  layer  about  one  Inch  In  thickness.  The  purity 
is  of  no  great  consequence.  It  ’"culd  seen  ns  though  any  native  line 
would  be  good  enough.  Obviously,  In  any  event  It  will  alr-slake.  Like 
the  preceding  treatment,  this  will  require  renemnl  from  time  to  time. 

It  is  somewhat  effective  against  rodents. 

3.  Other  treatments 

I 

There  has  been  over  a  number  of  years  a  good  deal  of  intei 
est  In  soil  treatments  against  termites.  The  principle  of  these  treat men 
is  to  form  around  and  under  a  building  a  poisoned  layer  of  soli,  through 
which  termites  cannot  penetrate.  For  obvious  reasons  the  amount  of 
material  added  has  been  kept  at  a  minimum,  and  this  hag,  of  course, 
necessitated  the  use  of  fairly  toxic  substances.  In  addition  these  treat 
ments  have  been  applied  after  the  building  has  been  erected,  for  tha  most 
nart,  and  it  has  been,  therefore,  necessary  to  use  a  certain  amount  of 
wate insoluble  substances  which  could  be  carried  quickly  down  Into  the 
soli  ana  to  some  extent  at  least,  reorecioltated.  The  majority  of  these 
treatments  are  proprietary;  one  at  least,  has  been  quite  satisfactory 
from  the  standpoint  of  service  records.  It  is  known  under  the  trade  name 
of  11  Antimite 11 ,  In  all  fairness  it  should  be  pointed  out  that  the  good 
record  of  this  material  is  In  considerable  part  due  to  the  care  In  lt3 
application  by  the  licensees  and  to  repeated  Inspections  and,  If  ncces- 
eary,  retreatments  of  the  buildings.  This,  of  course,  brings  up  a 
fundamental  point  in  all  such  treatments,  n^nely  that  the  treatment  In 
in  fact  only  as  good  as  its  application  °nd  maintenance.  It  mu^t,  there¬ 
fore,  be  a  complete  treatment,  leaving  no  possible  passageways  through 
n'hich  organisms  might  Invade  the  building. 

According  to  the  information  that  I  have,  the  treatment 
which  is  mentioned  utilizes  primarily  fluorides  and  slli cofluorldcs.  A 
somewhat  similar  treatment,  for  which  I  know  no  trade  narna,  utilizes 
essentially  sodium  rrsenlto  and  calcium  arsenlte  with  or  without  the 
corresponding  arsenates,  n.rsenlous  oxide,  and  soda-lime.  Th°se  materials 
are  applied  with  considerable  water  to  carry  then  down  Into  th>-  soli  to 
some  extent,  but  do  not  move  horizontally  to  any  aroraclaoT e  distance. 

In  applying  the  foregoing  treatments  to  existing  buildings 
It  Is  necessary  to  drill  small  holes  at  intervals  of  2£  to  1  feet  through 
the  concrete  slab  of  the  cellar  and  to  force  the  treating  material,  as 
a  suspension  or  solution  in  a  considerable  volume  of  wr ter,  through  these 
hole 8  and  into  the  ground  beneath. 

Another  substance  w 1 1 ch  has  been  used  a  little  against 
insects  Is  borax.  The  only  recommendation  a.s  to  dosage  is  that  between 
4  and  6  pounds  per  100  square  feet  should  be  used.  This  nay  be  applied 
In  the  form  of  a  5  to  10  per  cent  solution.  Borax  is  especially  effec¬ 
tive  against  fungi  and  in  the  tropics  this  nay  be  a  natter  of  some  con¬ 
sequence. 


,,  .  .  ,  Recently  dilute  solutions  (1  to  S 000  or  1  to  10  000)  nt 

b°vn  Used  experimentally.  It  «-P8  found  thrt’thpy  were 
-ffec.lve  "gainst  subterranean  termites,  a  treatment  lnetiw?  five  tn 
seven  nonths.  The  aubetaneo  Is  not  an.il,  lrnohed  fron  the  soil? 

exneeted  th,t  ^honTor^rtTr  mi"be  ‘neeef 

thphil\  n  rierl0^  of  tl"°  the t  depends  on  the  nature  of  the  soli  end  uoon 
of  the  eubsiene?reppne8dU  *"4  W<*  rrxinfr'U  both  *>•«■  *°  early  removal 

4c.  Wood  treatments. 

mpnta  *°  fT  r's -,1  rn  ™™*onnlly  concerned,  there  are  no  wood  tr«at- 
nents  of  any  real  value  against  termites,  that  can  be  moiled  ?0  the 

1J  ls  In  oloce .  Under  some  conditions  wood  treatment s  "ae-ainst 
'  !  cnn  be  p2?lied  ^  wood  in  place.  The  wood  trea?nent  oroS! 

len  is  a  double  one.  Since  we  hnve  on  the  one  h«nd  Insects  like  ternitec 
cr.rocnter  ants  and  some  beetles,  in  which  adult  insects  make  more  "or 
less  extensive  excavations  in  wood,  and  on  the  other  hand  attack  as  bv 

be^les  irl  w;hlch  appropriate  conditions  for  eiy  laying  must 
be  present  at  the  suri.ace  of  the  wood  and  attack  ls  initiated  almost 
exclusively  by  newly  hatched  larvae,  it  ig  evident  that  preventative 

flr8tikind?nln8t  the  8GCOna  Klnd  of  nttack  v’ni  not  nva.il  againsTthe 

f>  oracticr.1  natter  the  investigation  of  wood  treatments  has 
ncerncd  „tself  for  the  most  part  wr  1  Pli  the  ^re^ention  rather  than  i-v>o 

°th«nC'  hlrht  of  WooS  trertaonts  h-ve  been  In 

t??n  «  b»hdrofl  yenro,  end  lt  l8  „  jvnnrknble  feet  th.«t 
.-lnost  the  oe  rile  at  ooumerclr.l  mood  trent-ient.  lnnreenatlon  -ith  c»i«ntf 
renal na  to  this  day  the  noat  durable  and  satisfactory  of  all  t“  nunereus 
roposed  treatments.  It  must  be  strongly  emphasized  that  good  c^eosot 

18  C  socialized  undertaking;  that  the  protection  does  Sot 
reside  in  the  nere  presence  of  a  sticky  black,  111-snelling  coat  or  the 
surface  of  the  wood,  but  requires  the  penetration  into  the  wood,  for  an 
appreciable  distance  of  a  good  grade  of  creosote,  This  can  be  obtained 
y  nore  than  one  method,  but  all  of  than  Involve  the  use  of  heat  HVfcj 
messure,  with  or  without  prior  vacuum  treatment.  * 

aiffMei.ii-  !iVln  under  bes!  c°nditions  penetration  of  heart  wood  iS 
difficult,  although  sufficient  penetration  can  be  obtained  to  be  pro¬ 
tective.  ihe  American  Wood  Preservers  Association  has  specifications 
for  the  various  types  of  creosote  treatments.  If  a  piece  of  wood  ls 
property  treated  with  creosote,  and  thl's  maano  among  other  things  that 
no  alteration  of  the  dimensions  of  the  Piece  shall  be  node  after  the  '  * 
treatment  then  w0  may  say  that  on  the  average  such  a  PieCe  of  wood  win  ' 
not  faii  due  to  insect  attack  within  the  expected  service  life  of  the~ 

;°v  "  8truCt;,r"%v,If  U  ls  necessary  to  dimension  p^cea  *f£r  $hey 

fiihnbt^ni-Sre0aStGd^u  one  ration  should  be  restricted,  as  far  a8  pos¬ 
sible  to  the  ends  of  the  timber,  since  there  is  some  penetration  tvim.* 
pressure  along  the  grain,  although  there  is  practically  no  penetratio^ 
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^raln*  Viece  has  been  dimensioned  it  should  be 

olven  Uo  or  more  brush  coats  of  a  pood  quality  of  hot  creosote. 

Of  the  other*  materials  which  have  been  nepd  -> 

ana  pentachlorphenol  seem  to  be  the  most  promising.  Their* chief la™*-1 
tage  Is  that  they  may  be  used  on  trim  which  must  be  varnished  or  ralntpd 

insectfroo?  Inf*  83  ^ ed—  «t  oro^f^thfr^f  d‘ 

l°  covl!r  the  1woorfomDletLlyebySevnrnlahror°ollteuoh'a s *1  lme^oll '' Ihe* 

object  here  being  merely  to  prevent  erg  laying.  a  oU’  the 


More 


protection,  using  borax  solution  and 


temporary  sorts  of 

?ecVMont^°ft0thri  8olutlo"s'  have  ^ u 1 1 1 1  ie d °s u c ce s s f u  1  ly ^ l n A th e  pro- 
tection  of  stored  logs  and  lumber  against  both  certain  fungi  and  insects. 

The  procedures  which  have  been  utilized  for  the  inipntinn 

d?ff?  maJer^;r^8  wood  in  Pl«ce  cannot  be  recommended,  the  Urinary 

offth°  thu  VluY  8na11  anount  of  transverse  penetration  of  nny 

of  the  materials.  By  the  same  token,  the  mere  painting  of  wood  with 

creosote  in  a  solvent  Is  by  no  means  a  protection  against  termitr-s. 

re£ard  to  the  stonpe  of  logs  and  sawn  timber  prior  to 
use,  one  finds  a  variety  of  recommendations.  The  reason  for  thin  VnHat. 

nT>rin'ii'1'^  that  there  Is  no  method  of  storage  of  unt^ated  timber  whi^h 
fcnJhlly  Tjr°.t0Ct  “  fl^lnst  lnseot!'-  This  Is  ecnoSinlJy1™c  o5  n*vlv 
1Ain~!,h°7#V8V£lne  "wiTthlng  together  It  appears™^?  fne  7 
V *  <1,  aon3  lf  the  branches  are  trimmed  and  the  lorn  bnrkeS  «« 
soon  as  possible  It  should  then  be  stored  off  the  ground,  Preferably 
in  tno  sun.  It  is  perfectly  true  that  there  are  some  insects  which  ly 

c,infeh„f‘fi  12c*s  f°r vC*S  laylnpr  pnd  dao  some  which  prefer  logs  ^n  the 
wh?Av.b  otS  JU8j  rfmarked»  the  recommended  method  s?“ng  to  be 
v-hlch  v^ljl  result  in  the  least  damage. 


the  one 


4d.  Structural  methods. 


Although  we  have  become  accustomed  to  thinking  of  nro^Ahnn 

if  t,  mln  rsason  *>r  articular  neihods  or  corif  fflo 

1  AJUfldlng'  ^  is  important  to  realize  that  the  protection  of  SnnSinS 
hsdi^rnS0St8ntS  agalnst  rQtQ  rnd  against  numerous  other  insects  can1 
Piqi  n?  by  +  rov:r  attention  to  construction  and  design.  This  holds 
also  of  other  structures,  such  as  supply  dumps.  I  v-m  try  to  dl*~cuqn 
the  structural  points  somewhat  in  the  order  in  which  a  building  is 
erected,  that  is  starting  with  the  foundation  and  ending  wUh^he interlo 

4dl.  Foundations. 

Where  a  cellar  is  necessary  in  a  building  or  where  it  is 
necessary  to  utilize  continuous  foundation  as  opposed  to  olere  ’  niere 
seems  to  be  no  better  material  than  noured,  reinforced  concrete  if,.  ■ 
Important  thnt  there  should  be  comole te  bonding  between  successive  ooura’ 
Attention  must  also  be  given  to  the  design  of  openings  ln  th"?oundf  Ion! 
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In  the  first  place,  any  space  which  is  to  be  left  under  a  building  must 
oe  provided  not  only  with  ventilation  at  at  least  the  rate  specified  in 
the  ordimry  building  codes,  but  must  be  provided  with  pccessway  for 
inspection.  If  the  space  Is  not  to  b°  used  it  should  be  cleanly  exca¬ 
vated  to  a  distance  of  throe  feet  below  the  floor  stringers  and  all 
stumns  and  wood  scrap  removed.  In  the  case  of  cellars  intended  for  use, 
the  following  points  should  be  particularly  noticed! 

The. slab  should  be  nourea  in  such  a  way  that  it  shall  be 
continuous  from  wall  to  wall,  that  is  to  say,  no  nailing  blocks  or  wooden 
partition  footings.  Posts  either  for  support  of  the  floor  above  or  for 
stairways  must  be  emplaced  on  the  slab,  not  in  it.  Partition  bases  of 
all  kinds  must. also  be  placed  on  and  not  in  the  slab.  Baulks  for  bulk- 
herds  must  be  cut  off  above  the  grade  of  the  too  of  the  slab  before  the 
slab  is  poured.  The  bottoms  of  window  openings  should  be  at  least  six 
inches  above  grade  unless  an  embrasure  is  provided,  in  which  c«se  a 
clearance  of  six  inches  above  the  bottom  of  the  embrasure  is  satisfactory 
Outside,  the  foundation  should  show  a  clearance  of  plx  inches  or  more 
between  the  grade  »nd  the  wood  nearest  the  ground.  This  m^y  be  the  sill 
or  the  outermost  sheathing  (shingles  or  clapboards). 

Pill  porches  should  be  avoided  as  far  as  possible.  If 
they  cannot  be  avoided  a  special  effort  should  be  made  to  prevent  con¬ 
tact  between  the  porch  and  the  wood  of  the  building.  This  c^n  be  done 
by  leaving  a.  chase  at  the  back  of  the  porch  which  goes  down  below  the 
bottom  of  the  adjacent  wood. .  It  is  much  better  to  use  porches  on  piers, 
in  which  case  the  piers  and  th?  lowermost  step  should  be  concrete  at 
least  six  inches  above  grade. 

The  some  sort  of  precautions  must  be  taken  in  the  ces-^  of 
garages  and  loading  platforms,  but  here  it  Is  sometimes  possible  to  avoid 
a  six-inch  elevation  by  extending  the  slab  beyond  the  footings  of  the 
wooden  posts  of  the  structure,  leaving  a  clear  horizontal  expanse  of 
six  Inches  or  more. 

For  more  than  forty  years  metal  shields  have  been  used 
between  the  foundation  and  the  wood  structure.  Properly  built  and  main¬ 
tained  they  are  excellent.  Figure  31  shows  a  satisfactory  design  of  the 
bread-pan  type.  There  also  exist  similar  shields  which  are  let  into 
chasers  in  the  foundation.  In  current  American  practices  these  shield? 
are  made  of  fairly  heavy  rolled  copper,  but  it  is  not  necessary  to  use 
copper;  the  original  shields  used  in  Australia  were  of  galvanized  iron. 

The  design  and  installation  of  adequate  shielding  calls  for  care  and 
a  visualization  pf  the  end  to  be  accomplished, 

a.  The  foremost  object  of  the  shield,  in  my  opinion,  is 
to  force  the  termites  out  to  the  surface  of  the  foundation  at  a  known 
level,  which  Is  subject  to  Inspection. 

b.  The  shield  must  be  continuous,  even  around  or  under 
bulkheads, and  collar  windows.  It  must  nowhere  be  buried  In  the  ground, 
and  it  nust  be  nowhere  cut  away  to  allow  pipe  risers  to  be  more  easily* 
Installed.  If  it  1 8  to  be  placed  between  the  top  of  the  foundation  and 
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the  sill  then  the  sill  cannot  be  spiked  to  the  foundation.  Successive 
lengths  of  shielding  should  be  lock-jointed  and  not  soldered. 

The  foregoing  recommendations  as  to  design  and  installa¬ 
tion  of  foundations  for  the  protection  of  buildings  against  termites  are 
not  based  so  much  on  a  conviction  that  termites  cannot  by  any  possibility 
overpass  such  obstacles,  as  on  the  orovislon  of  definite  levels  at  which 
the  termites  must  come  to  the  surface  where  inspection  can  be  made,  and 
the  passageways  destroyed,  or  specific  ground  treatments  undertaken.  We 
must  on  no  account  regard  the  presence  of  copper  as  a  talisman  that  win 
prevent  the  appearance  of  termites.  Any  sort  of  termite  protection  is 
only  as  good  as  its  installation,  maintenance,  and  inspection. 

It  appears  to  be  practically  impossible  to  so  construct  a 
stone,  brick  or  cinder-block  foundation  as  to  render  it  impervious  to 
termites.  As  a  consequence,  all  such  foundations  should,  be. shielded. 

This,  of  course,  does  not  apply  to  the  use  of  single  large  stones  as 
footings  for  piers,  granting  adequate  clearance  above  grade.  In  the  case 
of  brick  it  is  sometimes  more  convenient  to  insert  the'  shield  one  or  two 
courses  below  the  top  of  the  foundation.  This  will,  of  course,  allow  for 
the  spiking  of  the  sills  to  the  upper  course  of  the  foundation. 

When  buildings  are  set  simply  on  Piers  the  recommended 

i  clearance  of  three  feet  need  not  be  i, maintained,  but  in  any  event  a  clear¬ 
ance  of  eighteen  inches  should  be  maintained  as  a  protection  against  rats 
For  building  with  more  or  less  temporary  life,  it  is  possible  to  avoid 
the  use  of  shielding  and  in  some  cas^s  the  use  of  stone  or  concrete  for 
piers  by  soaking  the  soil  around  each  of  the  piers  thoroughly  with  old 
crankcase  oil. 

,  The  possibility  of  using  rammed  earth  foundations  (terre 

plsee)  should  not  be  overlooked.  Apparently  in  many  parts  of  the  tropics 
suitable  soil  for  this  process  occurs.  One  tribe  in  central  Africa  pro¬ 
tects  ite  houses  against  termites  by  setting  then  on  a  pedestal  of  rammed 
earth  about  three  feet  high.  This  pedestal  is  in  turn  surrounded  by  a 
moat  bridged  by  a  single,  narrow  earth  passage.  As  far  ^s  I  can  learn, 
this  is  the  only  native  conscious  protection  against  termites,  used  in* 
the  world, 

4d2.  Walls. 

j 

If  the  foundation  of  a  building  is  properly  constructed  it 
is  not  usually  necessary  in  the  north  temperate  zone  to  t"ke  any  special 
precautions  in  the  design  of  walls  against  wood-boring  insects,  the 
essential  point  being  that  the  construction  provides  as  far  as  possible 
against  the  trapping  of  moisture  in  the  wall's.  Primarily  this  seens  to 
entail  the  provision  of  proper  vents  tit  the  base  of  the  wall;  these  ,  vents 
3hould  be  small  metal  pipes,  sufficiently  small  to  prevent  the  access  of 
mice,  and  secondarily  to  avoid  certain  types  of  insulating  material.  One 
of  these  is  aluminum  coated  paper;  the  second  is  any  sort  of  insulating 
pad  of  animal  fibre.  It  would  be  well  also  to  avoid  the  use  of  most 
plant  fibres.  The  third,  there  has  been  a  certain  amount  of  difficulty 
found  in  the  employment  of  glass  wool. 


Insect:;,  oartlcularly  dry- 'rood  teraltes4  irhfrh  Bre  ',00ti'stt',clclriK 
ntlons  In  »ny  crock  or  nail  hole.  It  is,  therefore “^dvlsable8^ 
ns  far  as  nosslble,  such  small  entry  n-avs  with  raf^f  S!  J  r,  .CJI,,F' 

point^of Hyiew  to'utlil^  c^Ioteln^cl^nLa'd^^f ' V  f,r0n  "  “«»~1 
the  Insects  cannot  get  rest  to  untreated  TOoddfurtherin*leitTsVa?wd 
perfectly  nosslble  to  construct  a  bulldine  .»  !«.  L..  j  lt  1  nls0 
of  treated  timber.  In  a  few  nnrts  of  thn^oria^  b  n  done>  entlrely 

si  ready  ^ln  ‘ 

heps  no  perfect  timber  avAilAhip  it  v.,04<  tie  jGcJc-  There  Is  oer- 
considerable  period  o£  yenrs  in  ihe  troni^  "ft  rtr€\*°  be  used  for  « 
to  have  all  the  dlncnslSn^lece^^ro^^c^osoted13  be  beSt 

tectlon  not  alone  against  Insects  but  agalnsTrot  or*- 

the  snaces  -1  thl  n  ‘thV ^11,  ^  r0£."‘  «  *> 

tendency  of  rodents  Is  to  utilise  or  enlnjso  are  Muf?!!1!'*®11  genera] 
rather  than  to  construct  their  own  whe.e  "  nas^~  aMs^6"*^  ^ 

aJdPa?Sthetto!tOT>oftriallAt  njforoblln  bdf'5enled  *>»»  «*  the  ion 
simnlcr  In  those  buildings  ihlch  are  not  Mlled°'i"lde  9°nc’h',t 

4d3.  The  Roof 

WhAt  has  been  se.id  of  the  chA rqot-pr.  ^ t  *.  a  - 

applies  with  equal  force  to  the  ronf"  it  a«r? Cterv°v-.  the  outsl°e  ’"fllls 
laid  asbestos  or  other  mineral  shinnies  nro  tipb^ly 

buildings  than  any  wood covering ^  Fo'  oe™ne^^  ^nf?a^mO0^^^O^^Cal 
oerhans  the  worst  covering  buildings  thatch  is 

the  nost  convenient  neans^f  mcmS  4  “bSldS^rSlShf  °n°  ?f  , 

is  at  the  Junction  of  wall  and  roof  and  I  would  ri™  11^bi^  ftnlnals 
IhtV' o?nt'0rI?^T)ern1ccbisldlng8w8h;Uld  tftke  ^rticSlar  account 
shoulo  be  closely  screened  vlthTo? ^or03oIme8h18creen!)U^l:)0^3e8,  U 

4d4.  Interior  Trim 

inside  of  a  building  Unless  ^the  Cwood  in °ni  iSJ nl-ikely  to  occur  from  the 
tlonal  attack  may  begin  in  the  tr?n  lR  already  infested,  when  addl- 

of  trim  is  especially  great  in  the  c «,P  f  f06  °f  Dr0T)er  des1*" 

storage  or  handling  of  food  since  the  nost  usaful^yantntlye^a 
against  fooa  infestation  are  in  cart  tvi«  ^  5nt  tJ>  e  na°sure8 

which  can  be  kept  scrupulously  clean  ’in  wMpwS100  °f  storfl£?e  Places 
cracks  in  which  food  materials  may  1 idee  there  *  nininun  of 

mum  of  cranks  and  corners  in  which  insect q  liv!  ey?rl°^eu'  nnd  p  nlnl~ 
certaln  beetles  nay  tnke  rafu«  I  L  ,  eilverfish,  moths  and 

mended  that  the  Inside  of  the  ?bi  il  dingle t  f  re  Gently6  whitP  re5°n*" 

more  Permanent  structures  the  floor  covering  should^P^  ^6d#  In 
against  the  baseboard  with  a  rounded  covn  should  be  brought  up 
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It  Will  be,  of  course,  observed  by  the  reader  that  this 
list  of  recommendations  contains  a  certain  minimum  which  should  be  aor>l*e 
to  every  structure  and  various  additional  points,  whose  application  de¬ 
fends  upon  the  permanency  of  the  structure  in  Question.  It  is  perfectly 
conceivable  that  a  tent  would  be  under  some  conditions  perfectly  feasible 
as  a  storage  place  or  a  kitchen;  it  is  ultimately  a  matter  of  housekeep¬ 
ing  and  of  rn  understanding  of  the  limits  of  the  structure  and,  as  far  *e 
food  insects  are  concerned,  my  recommendations  are  based  on  the  idea  th^ 
greater  care  in  construction  will  in  the  long  run  render  the  housekeeping 
easier. 

I 

It  is,  of  course,  assumed  in  this  discussion  that  all 

(windows  and  doors  will  be  eouiooed  with  screens  of  sufficiently  fine  mesh 
and  properly  installed. 

2d5.  Supply  Dumps. 

'Whenever  it  is  at  all  possible  the  placing  of  cases  or 
boxes  of  eurolies  directly  on  the  ground  should  be  avoided.  They  should 
be  placed  on  platforms  which  have  a  clearance  above  ground  of  twelve  to 
eighteen  inches.  These  platforms  can  be  built  of  any  available  wood  by 
driving  sharpened  stakes  of  appropriate  length  and  spacing  into  the 
ground,  and  then  laying  logs  ecross  then  to  form  e  grid  of  the  proper 
dimensions.  The  post3  should  be  protected  by  the  use  of  crankcase  oil 
as  described  above.  Very  limited  protection  can  be  obtained  by  charring 
the  surfaces  of  dry  posts  before  they  ere  set.  More  permanent  dumps 
should  be  built  with  concrete  piers  and,  if  possible,  creosoted  wood  or 
iron  rails.  I  shall  return  later  to  the  arrangement  of  the  stored 
material, 

4e.  General  Procedures 

In  this  section  I  an  including  for  the  most  o*»rt  tho.qp  pro¬ 
cedures  which  involve  neither  the  Replication  of  poisons  nor  special 
methods  of  construction.  They  will  be  taken  un  under  two  headings,  Pre¬ 
ventative  and  Curative. 

4el.  Preventative  measures. 

a.  Elimination  of  Harborages 

This  point  is  particularly  directed  against  rats,  but  nay 
sometimes  be  significant  in  connection  with  noths  and  beetles.  In  fact, 
if  we  define  harborage  as  any  space  suitable  for  the  concealment  of  a 
pest,  then  we  might  take  it  down  to  almost  the  smallest  cracks  bot-een 
boards,  and  harborages  of  such  dimensions  are  freouently  important  in 
connection  with  roaches  and  silverflsh,  to  say  nothing  of  bedbugs.  It 
is  evident  in  the  first  place,  that  enclosed  sprees  offer  opportunities 
for  rat  harborage,  whether  these  spnce.-s .  arise  from  faulty  construction 
or  the  faulty  stowage  of  materials.  I  have  already  pointed  out  the 
necessity  of  preventing  nccees  to  ’mails.  Such  access  may  be  had  not  only 
through  spaces  .left  at  the  tops  and  bottoms  of  wnii@  during  construction, 
but  alongside  pipes  of  various  kinds  where  the  opening  for  the  oioa  ie  tc 


bip-  and  not  shielded.  Care  should  be  taken  that  such  opening  s  are  ade¬ 
quately  shielded  or  plugged.  The  elimination  of  snail  cracks  can  in 
most  cases  be  achieved  by  some  sort  of  surface  covering  like  paint  or 
varnish,  and  in  many  cases,  whitewash. 

b.  Cleanliness 

It  is  hardly  necessary  to  mention  cleanliness  in  the  ordi¬ 
nary  sense  to  the  aimed  forces,  but  I  nn  convinced  from  my  own  obser¬ 
vations  in  this  country,  and  I  believe  it  will  Drove  to  be  even  more 
strongly  true  in  the  tropics,  that  the  elimination  of  materials  which 
are  attractive  to  pest  insects  or  on  which  they  may  succeed  in  breeding, 
transcends  any  ordinary  standard  of  cleanliness.  In  fact,  it  may  well 
be  lmDossible  to  achieve.  Here  again  the  effect  of  certain  washing 
procedures,  such  as  those  using  kerosene  emulsions  or  the  application 
of  whitewash,  tends  to  render  such  small  particles  of  food,  unavoidably 
left  behind,  unattractive  to  insect  nests. 

I,  therefore,  mention  only  one  or  t«ro  particular  points, 
the  first  of  which  is  garbage  disposal.  So  far  as  I  have  seen  the  army 
manuals  dealing  with  camp  sanitation,  the  procedures  laid  down  should 
be  perfectly  adequQte  to  prevent  the  breeding  of  pests  in  garbage  after 
its  disposal .  The  point  which  should  be  brought  up  here  is  that,  es¬ 
pecially  in  warm  climates,  garbage  may  become  extremely  attractive  to 
insects  within  a  very  few  hours  and  would  not  necessarily  be  sufficient¬ 
ly  putrid  so  that  its  presence  would  be  obnbxlous  to  personnel.  For 
example,  it  appears  that  flies  of  the  genus  Drosophila  may  be  attracted 
to  garbage  due  to  the  growth  of  yeasts,  and  that  the  specific  attrac¬ 
tive,  odor  nay  be  either  nn  organic  acid  or  nn  aldehyde.  On  the  whole, 
substances  of  these  classes  are  not  likely  to  possess  a  disagreeable 
odor.  It  is,  of  course,  extremely  unlikely  that  any  garbage  will  be 
allowed  to  remain  undisposed  of  lone  enough  to  provide  for  the  actual 
breeding  of  insects,  but  it  is  the  part  of  wisdom  not  to  attract 
insects  to  any  place  where  food  is  stored.  The  solution  for  this 
problem  seems  to  be  the  frequent  disposal  of  garbage  and  probably 
with  some  insects  at  least,  its  treatment  with  more  or  less  repellent 
materials  such  as  waste  oil  or  chlorinated  line. 

I  find  washing  with  kerosene  emulsions  especially  recom¬ 
mended  for  the  control  of  mites  and  cheese  skippers  but  it  would  be 
useful  against  any  Insects  tending  to  hide  in  cracks.  One  per  cent 
soft  soap  hae  been  used  in  washing  to  kill  eggs  of  the  Indian  meal 
moth. 


c.  Arrangement  of  Contents 

The  arrangement  and  handling  of  contents  of  storerooms  and 
supply  dumps  can  be  of  great  importance.  In  the  first  place  It  is 
strongly  recommended  that  fl.xed  articles  of  furniture,  such  as  stoves 
refrigerators  and  other  such  items  which  cannot  be  readily  moved  be  * 
placed  away  from  walls,  leaving  clear  passage  around  and  behind  them 
between  one  and  two  feet  wide.  This  serves  two  purposes:  first  it  pre¬ 
vents  rodents  from  invading  such  containers  from  the  rear  and  makes  po«. 
sible  also  the  more  effective  trapping  of  rodents;  second,  it  permits 
the  complete  cleaning  or  whitewashing  of  walls.  It  is  also  important  in 


arranging  packing  cases  that  no  closed  space  be  left  In  which  animals  nay 
eide  This  Is  significant  In  connection  with  supply dumps.  Packing  cas 
should  be  arranged  either  completely  solid  so  that  there  are  no  passage¬ 
ways  for  animals,  or  If  snaecs  must  be  left  for  classification  purposes 

‘hLe  mace*  should  no  eonnletcly  through  the  olle  so  that  the  snare 
can  be  inspected.  If  dumps  are  to  be  covered  by  tarpaulin  provision  shou  3 
be  made  for  inspection  of  the  dumps  at  regular  intervals. 

It  is  probably  not  always  possible  in  kitchens  to  keen  all 
food  in  insect-proof,  or  even  rat-oroof  containers,  but  as  far  as  feasible 
this  should  of' course,  bo  don-.  Snail  amounts  of  foodstuffs  can  be 
kept  In  nla-8  Jars  with  either  flae3  or  metal  tons.  They  certainly  shoul' 
especially  If  cereals  or  dried  fruits,  be  left  In  opened  oarcboard 

containers. 

Dried  or  smoked  meat  can  be  kept  relatively  free  of  insect 
attack  by  careful  trapping  in  cotton  cloth. 

d.  Light  and  Ventilation 

In  discussions  of  the  prevention  of  insect  attack  on  store 
fruits  and  similar  products,  I  find  that  the  provision  of  "ueoua.e  Urht 
Tnd  vpntilrt ion  is  especially  stressed.  The  advantage  of  light  ^nd 
ventilation  is,  first,  that  many  of  the  food  Insects  are  llpht-shy  and 
tend  less  readily  to  Invade  Illuminated  storerooms,  and.  second  ..ha,  .he 
vent  11a  tlorT  prevents  the  accumulation  of  moisture  either  In  the  room  It- 
self  or  in  the  containers. 


e.  Screening 

Particularly  in  the  tropics  *here  've 
to  survive  outdoors  as  wall  as  indoors,  screening  is 
in  preventing  their  access  to  bulldinrs. 


expect  post  in^ec 
p.n  important  factor 


f.  White  washing 

Since  I  have  already  spoken  of  white’"" china  In  connection 
"■1th  the  finishing  of  -ells,  I  Include  It  hero  merely  to  make  the  list 
complete. 

4e2.  Curative  measures. 

There  are  a  few  general  procedures  ,rhich  may  be  undertaken 
to  salvage  materials  which  ere  not  too  seriously  damaged  by  infestation 
rnd  which  do  not. Involve  the  use  of  poisons. 

n.  Heat 

Practically  all  Insects  can  be  killed  In  a  reasonably  Rhor 
tine  bv  exposure  to  a  temperature  of  l40*Ft  at  lower  temperatures  the 
I*  .Y;.°S ve rv  p-reetlv  lengthened.  At  the  temperature  lust 
menti™"d  nvc  minutest  OPdln-rily  sufficient,  while  at  IPOOp  five  hour 
is  rcnulred.  It  must  be  noted  that  X  am  hare  sneaking  of  the •temperature 
applied  to  the  Insect  Itself.  This  means  that  where  «c  are  oielnfestlng 
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a  fairly  bulky  object,  adequate  time  must  be  allowed  for  the  temperature 
to  rise  at  the  center  of  the  object  to  the  level  required.  This  time 
depends  in  part  on  the  nature  of  the  material  and  in  cart  on  the 
differential  of  temperature  which  can  be  permitted.  The  usual  recom¬ 
mendation  is  to  expose  the  material  for  some  hours  to  a  temperature  of 
160  or  170°.  If  the  differential  is  less  than  3O0  or  so,  the  rate  of 
penetration  of  the  temperature  becomes  extremely  slow, 

b.  Cooling. 

This  not  as  a  rule  a  satisfactory  method,  for  th-'5  elimina¬ 
tion  of  infestations;  however,  most  insects  are  inactive  belo™  50°F 
and  at  such  temperatures  the  increase  of  an  infestation  is  prevented. 

Some  pest  insects  will  survive  at  temperatures  well  below  freezing  for 
nn  appreciable  number  of  days,  and  relatively  few  are  killed  even  in 
twenty-four  hours  at  the  freezing  point. 

c.  Drying 

Since  the  majority  of  pest  insects  reouire  a  moisture  con¬ 
tent  of  their  food,  which  Is  above  6  or  S  per  cent, ’ it  is  sometimes 
possible  to  eliminate  infestation  by  drastic  drying.  I  should  Judge  that 
jn  the  whole,  however,  the  method  would  not  find  wide  application  in  the 
field. 


d.  Trimming 

In  the  case, of  cheese  and  meat.  Infestations  which  are  not 
too  severe  can  be  elinlnated  and  the  raptorial  recondit ion^d  by  trimming 
away  the  infested  portions.  The  analogous  procedure  of  screening  insects 
out  of  grain  or  grain  products  can  be  applied  to  a  limited  extent.  In 
the  case  of  whole  grains  it  is  likely  to  bo  unsatisfactory  because  some 
of  the  most  important  grain  pest3  tend  to  live  within  the' grains,  and 
rll  that. is  removed  by  screening  is  broken  grain  and  fross, 

4f.  Special  Procedure? 

1.  Traps 

A  considerable  number  of  insects  can  be  caught  in  traps  if 
they  are  properly  constructed  and  baited.  The  Sanitary  Corps  field  manuals 
give  instructions  for  the  construction  of  fly  traps. 

Roaches  also  may  be  trapped  by  using  wide-mouthed  fruit  Jar 
taped  on  the  outside  so  that  the  roaches  can  crawl  up.  The  Jar  is  fitted 
with  a  cardboard  lid,  the  center  having  two  crossed  *slits  and  the  points 
bent  down  to  fora  a  funnel  entrance.  Such  traps  can  be  baited  with 
banana  peel,  fermented  yenst  cakes  in  sugar  or  molasses  mixture,  stale 
beer,  neat,  vegetables,  etc.  It  should  be  noted  that  bananas  or  Plantain 
can  be  obtained  practically  anywhere  throughout  the  tropics. 
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Some  moths,  especially  the  fig  noth,  can  be  trained  by 
hanging  strings  covered  with  a  sticky  material,  either  tanglefoot  or 
native  birdlime.  This  species  nay  also  be  trapped  with  nans  of  soap  and 
i-ater  at  a  concentration  of  6  parts  of  soar  to  1000  parts  of  w«ter.  A 
similar  method,  using  dilute  formalin,  Is  set  out  in  nans  as  a  fly  trap. 

Tanglefoot  may  be  made  by  heating  12  ounces  of  crude  erstrv 
oil  and  mixing  into  it  27  ounces  of  powdered  rosin  until  it  13  all  melts. 
\o  not  overheat . 

1 

2.  Special  Repellents 

j 

A  few  simple  repellents  have  been  notad  in  the  literature 
for  particular  insects.  These  have  not  been  sufficiently  U6ed  so  that 
I  can  make  any  guess  ns  to  how  generally  applicable  they  nay  b°  to  re¬ 
lated  insects. 


One  group  of  foraging  termites  (Hodoterraes)  c^n  be  kept 
away  from 'pane  r  and  similar  materials  by  applying  to~tfte~~  material  r.  wr.ph 
of  1/2  oz.  of  cooper  sulphate  in  4  gal.  of  water. 

A  line-naphthalene  mixture  in  the  ratio  of  20:1  has  b»en 
used  «gelnst  Tanlnoma  slmrothl.  one  of  the  house  ants  of  north^et  Africa 


3.  Books  and  Pacers 


In  the  tropics  there  lias  bean  naturally  some  Interest  in 
methods  of  protecting  books  end  pacers  against  the  attack  of  termites, 
sllverf ish  and  roaches.  For  books,  two  repellent  paints  have  been  devise- 
in  the  Pacific  islands. 

n,  Rosin  1  ox. /shellac  2  oz. ,.  creosote  1/?  fl.  07. 

alcohol  1  ot.,  and  methyl  salicylate  to  flavor, 
b.  Alcohol  1  ot. ,  shellac  1  ot.  (or  better,  Chinese 
varnish)  white  phenol  crystals  1  oz. 


These  are  brushed  on  to  the  back,  covers,  and  edges,  and  in  the  Solomon 
Islands  the  second  formula  is  nnid  to  be  effective . for  two  years.  For 
oeoer  protection  one  may  use  against  sllverflsh,  1  per  cent  solution  of 
tricresyl  phosphate  in  a  petroleum  base  as  a  sorny. 

4.  Pharaoh's  ant  i?  especially  hard  to  control  by  the  ordinary 
methods  used  against  ants,  and  for  a  very  long  time  people  have  used 
sponges  containing  sugar  syruc.  Those  are  put  about  in  convenient  places 
and  when  well  covered  with  ants  the  sponges  are  picked  up  and  dropped  in 
boiling  water.  They  can  then  be  again  baited  "nd  put  out.  Some  of  the 
poison°bait 8  which  I  havo  already  mentioned  are  somewhat  useful  against 
this  ant. 

5.  Ants  nay  be  prevented  from  crawling  up  the  legs  of  furni¬ 
ture  either  by  ringing  the  legs  with  vaseline  or  by  setting  the  legs  in 
shallow  dishes  containing  kerosene.  Either  material  must  be  renewed  from 
time  to  time. 
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6.  Carpenter  Bees 

The  carpenter  bees  soend  the  night  In  the  unfinished 
burrows  and  can  be  killed  by  Injection  of  a ny  volatile  PolBon.  A  few 
drops  of  gasoline  would  do.  The  hole  should  be  promptly  slugged  both 
to  keep  In  the  fumes  and  to  prevent  Its  use  by  other  Insects.  Plastic 
wood  or  putty  le  usually  recommended,  but  In  default  of  those  an  anoroo- 
rlate-sized  pebble  driven  In  would  do  very  nicely. 

7.  Methods  against  mammals. 

There  Is  a  very  large  amount  of  Information  available  on 
methods  of  combatting  certain  of  the  rodents,  especially  rats  and  mice. 

In  my  opinion  the  most  Important  measures  are  those  which  exclude  such 
animals  from  buildings  and  food  containers.  Obviously  If  J*|ey  are  ,0  be 
effective  such  methods  must  be  applied  to  all  connecting  buildings.  I 
have  already  mentioned  that  the  brown  rat  can  penetrate  up  to  four  Inches 
of  concrete  slab.  If  rats  are  present  they  may  either  be  trapped  or 
poisoned,  and  here  we  should  point  out. a  very  distinct  difference  between 
the  domestic  rat  and  the  house  mouse.  Rats  are  decidedly  trap  shy,  Mloe, 
on  the  other  hand,  are  readily  trapped.  Both  can  be  taken  by  the  use  of 
poisoned  baits.  In  the  case  of  mice,  baits  which  Incline  a  i^tle  to 
the  sweet  side  are  preferred,  peanut  butter  and  grain  being  the  best 
materials.  Several  different  poisons. are  In  use,  depending  on  the  char¬ 
acter  of  the  bait.  The  chief  of  these  are  strychnine,  white  phosphorus, 
zinc  phosphide,  and  thallium  sulphate.  These .  "re,' of  d”£*®™ue 

materials  to  handle,  particularly  phosphorus  and  thallium,  and  should 
never  be  entrusted  to  Inexperienced  personnel.  In  the  case  of  rats the 
same  poisons  must  be  used,  but  a  meat  base  bait  Is Al  • 1 
necessary  to  avoid  handling  the  bait  at  any  time  with  the  bare  hands, 
since  rats  are  extremely  averse  to  materials  bearing  the  odor  of  man, 

No  one  bait  base  or  poison  will  work  continuously  against  the  same  local 
group  of  rodents.  It  Is  necessary  to  change  both  at  Intervals. 

I  have  not  mentioned  the  use  of  red  squill  specifically 
because  the  supply  1b  small  and  In  large  part  of  uncertain  Quality.  A 
small  amount,  which  Is  of  definite  blosssay.  Is  available. 

At  the  present  time  it  seems  unwise  to  recommend  the  use 
of  any  of  the  so-called  rat  viruses.  If  they  contain  living  organisms 
they  are  too  dangerous  In  any  place  where  either  the  material  ltse  or 
rats  affected  by  It  can  coma  In  contact  with  human  food,  .these  viruses 
depend  on  the  presence  of  bacteria  of  the  renus  Salmonella.  So  far  as  I 
can  learn  all  of  the  types  which  have  been  used  against  rats  are  known 
to  be  causative  organisms  of  human  food  poisoning  (so-called  ptomaine 

poisoning) . 

If  traps  are  to  be  employed  they  should  be  baited  with 
materials  like  those  noticed  above  as  bas^e  for  poison  baits.  They  should 
be  placed  along  pathways  ordinarily  used  by  the  rodents  and  plenty  of 
them  should  be 'set  out.  To  avoid  the  possibility  of  traps  going  without 
Inspection  •'’nd  consequent  possible  decay  of  dead  rodents  in  them,  I 
advise  that  the  traps  used  by  any  one  unit  be  serially  numbered,  then 
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'"hen  they  are  nicked  up  for  inspection  and  rebaiting  the  personnel  will 
have  some  means  of  knowing  when  they  have  nicked  up  all  of  the  traos  whlca 
were  set  out. 

Against  carnivores  in  the  Arctic  the  only  satisfactory 
me thod ' outside  of  occuoied  buildings  seems  to  be  the  use  of  elevated  food 
caches.  The  nroblem  is  not  especially  difficult  against  bears  because 
they  climb  rather  poorly  and  are  attracted  to  rather  specific  odors, 
especially  the  polar  bear.  The  wolverine  is  a  very  different  problem. 

It  apparently  will  break  into  caches,  regardless  of  attraction  by  odors, 
and  is  both  a  fairly  good  climber  and  extremely  ingenious.  The  following 
discussion  of  a  possible  cache  is  adapted  from  one  in  Stefansson's  "My 
Life  With  The  Eskimo". 

The  most  nearly  wolverine-proof  cache  that  he  had  seen  was  con¬ 
structed  by  an  Indian  near  Great  Bear  Lake,  It  was  constructed  by  finding 
four  trees  in  suitable  position  to  form  upright  posts  of  the  corner  of  the 
cache  and  cutting  them  off  ten  or  twelve  feet  from  the  ground.  The  posts 
were  notched  on  the  inner  sides  to  support  horizontal  beans,  and  logs 
laid  across  to  form  a  floor,  projecting  two  or  thr^e  fpet  beyond  each 
end.  The  logs  forming  the  sld°s  of  the  bed  were  notched  to  receive  end 
pieces  of  short  logs.  When  filled  up  the  cache  was  roofed  with  heavy, 
green  lof?s,  three  or  four  f^et  deep,  too  heavy  for  a  wolverine  to  move, 
and  too  deep  to  gnaw  through  if  he  succeeded  in  gettlns-  on  top.  The 
uprights  are  stripped  of  bark  and  made  as  smooth  as  possible.  If  a 
wolverine  succeeds  in  climbing  the  upright  posts,  the  projecting  ends 
of  the  floor  timbers  prevent  him  from  getting  around  to  the  top  of  the 
cache.  Having  no  foothold  he  cannot  work  at  the  bottom  or  sides  of  the 
cache,  and  consequently,  one  thickness  of  timber  suffices  for  these. 

The  Indians  and  Eskimo  and  most  white  men  residing  in  the  North  generally 
come  to  look  upon  a  certain  amount  of  the  depredations  by  wolverines  as 
unpreventablc ,  fated  and  like  the  annoyance  of  mosquitoes  are  taken  as 
a  matter  of  course.  The  ordinary  method  of  capture  is  by  heavy  steel 
traps  but  log  or  stone  dead-falls  are  commonly  used. 

Summary 

It  may  be  convenient  here  to  give  a  very  brief  review  of  some  of 
the  methods  noticed  above  by  groups  of  animals. 

1.  Insects 

a.  Sllverfish 

Poisoned  bait 
Fumigation 

b.  Crickets 

Poisoned  bait 

c.  Roaches 

Cleanline  ss 
Poisoned  bait 
Insect  powder 
Spray 

Fumigation 

Trapping 
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h, 
i# 
J  • 


k. 


1. 


in  one  special  case 


Earwigs 

Poisoned  bait 
Termites 

Structural  methods 
G-round  treatments 
Wood  treatment  or  poisoning 
Resistant  wood 
Repellent  ’"ash 
Embiids 
Dryness 
Bookllce 
Dryness 
Spray 

Fumigation 
Mayflies 

Hard  or  treated  wood 
Caddis- worms 

Hard  or  treated  wood 
Moths 


of  edible  materials 


food  stock 


m. 


2.  Mites 


Te  re  do  8 


Cleanliness 
Selection  of 
Light 

Ventilation 

Fumigation 

Mothproofing 

Tracking 

Beetles  (One  or  more 
on  the  tyn^ 
Cleanliness 
Dryness 
Spray 

Fumigation 
Structural  methods 
Treated  wood 
Beetle  proofing 
Ants  and  Bees 
Cleanliness 
Poisoned  baits 
Insect  powders 
Sponge  trapping 
Ground  treatments 
Structural  methods 
Flies 

Cleanliness 

Spray  s 
Screening 
Garbage  disposal 
Trapping 


of  the  following,  depending 
of  material  attacked) 


Dryness 

Screening  against 

Treated  wood 
Eesistant  wood 


flies 
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4.  Mammals 

a.  Rodents 

Cleanliness 
Structural  methods 
Poisoning 
Trapping 

Ground  treatments 
Fumigation 

b.  Carnivores 

Caches 
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5.  GEOGRAPHICAL  SUMMARY 

At  this  point  the  reader  Is  Peferrod  to  sections  lc  ana  lf5  for 
additional  Information, 

It  Is  necessary  In  the  beginning. to  draw  e  share  distinction 
oetween  the  number  of  species  or  Insects  in  an  area  and  the  number 
>f  Individual  Insects  In  the  same  area.  For  the  most  part  we  have 
^some  Information  about  the  former  and  none  at  all  about  the  latter 
number.  It  seems  generally  fair  to  assume,  however,  that  the  largest 
numbers  of  individual  Insects  occur  In  moderately  forested  troolcal 
Areas,  The  dry  tropics  and  the  very  densest  forests  have  lesser 
numbers.  The  same  sort  of  distinction  holds  In  temperate  regions 
where  fairly  ooen  and  mixed  forests  can  be  expected  to  have  the 
greatest  population;  and  deserts  and  very  dense  and  especially 
coniferous  forests  lower  populations. 

North  and  south  of  the  respective  temperate  zones  the  number  of 
species  decreases  with  very  great  rapidity  and  the  number  of 
individuals  with  less  rapidity. 

Our  knowledge,  even  of  numbers  of  so^ci^s,  Is  very  greatly 
influenced  by  the  relative  Intensity  of  zoological  exploration.  This 
results  In  many  apparently  anomalous  situations.  For  example,  we 
know  large  numbers  of  insects  from  British  Guiana;  fewer  from  Surinam 
and  still  fewer  from  French  Guiana  which  has  bpen  scarcely  visited  by 
zoologists  for  more  thnn  half  a  century.  Consequently,  It  has  been 
necessary  for  me  to  make  what  seem  to  be  reasonable  assumptions  based 
on  the  nearest  well  explored  areas. 

It  Is  evident  also  that  the  insect  fauna  of  a  region  will  be 
influenced  by  the  abundance  and  diversity  of  natural  food3. 

Agricultural  Antomology  is  filled  with  examples  of  this.  The 
restriction  of  an  area,  to  one  or  a  few  chore  with  the  consequent 
destruction  of  natural  vegetation  leads  on  the  whole  to  a  fauna  com¬ 
posed  of  many  Individuals  belonging  to  few  species.  Hence,  it  may  be 
reasonably  expected  that  Intensely  cultivated  tropical  areas  will  have 
-Abnormal  Insect  faunas'  end  It  Is  important  to  realize  here  thet  the 
Insects  which  may  be  favored  by  such  an  agricultural  practice  may  be 
the  very  Insect?  which  are  Important  in  their  attack  on  Imported  materials 
particularly  foodstuffs.  See  in  thlB  connection  the  remarks  on  copra 
In  aectlon  2all. 

Biologists  divide  the  world  Into  a  number  of  natural  geographic 
regions.  For  our  purposes  the  Interest  of  such  regions  Is  that  each 
possesses  a  reasonably  unified  fauna  which  shows  fairly  definite 
relationship  to  the  faunas  of  certain  adjacent  regions.  I  will  speak 
briefly  of  each  of  these  regions. 

Nearctlc  region.  This  region  comprises  all  of  North  America 
except  extreme  sourthern  Florida  and  extends  through  the  northern 
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unit are!  oLnofbP  ln  the  mmber  of  8wclea 

south  of  22°  north  ■'to  abo£t  62° north“pnd  Se  t«>P  WhlCh  8xtendR  from 
variation  by  dividing  the  regfon^to  Lbreglona!  a°C°Unt  °f  tMe 

llt.lt  la  a^llt tic  south 'of  ''the  °t  ree  'i  1  ne  r  ^Sils  °l  ncl 'a  "  ’h?“  souther" 
Alaska.  The  animals  of  this  region  w  fr.  i  .  °  ”i!‘  811  of 

sneaking,  arctic  In  character  and  ahofverv  close  relatlon^r"01'''113' 
the  whole  to  northern  Eurooe  and  Asia.  *  relntlonsnlo  on 

Snstern°one  chnreclerfze'd'bv'nodera^  TifE??,  sub**°™-  An 

the  Atlantic  const  west  aooroxlnntely  to  the  100th mertdlan?dl"g  fr°n 

Hocky  S™“fn.r8*I?Bl.tr  otnetheSwho0l°e'r,leregltohn  ^o^reM?’ *”* 

Is  aorroxlnnt4lyhthe  ^rest^f 'th!  Sierra Tlevadn  ’h°It  bo’'na''ry 

SSSSTC  Sd^St.aub,lS0?n.«s:tiffiV0pi%t"a  ~n2i.?iuS 

■ooroorlate  natural  habitat  wlthfn^ii  ^  restricted  to  their 
?lven  eoecies  .ill  !«uVCXf  e^re^s".  0n  "'h°le  8 

Include  s>Uthc  ^es'f  ^ 

America,  nnd  all  of  South  Anerlc"  AV?ho,,^  lu  "”tS  2f  0,'ntrnl 
academic  It  Is  nrobnble  that  th<-.''Ha-..„1i(,a  aJJ;s‘lon  ls  entirely 

It  also  may  be  divided  Into  subregions:  *  ln  thla  re!rlon- 

extrcmehsouthern°Florlda  'bufdoes'not1"^"  JUbS|rl?n,’hleh 

and  Tobago.  It  has  Lveioned  to  „  \  f!  2“  <*  Trinidad 

own  and  for  various  reasons  the  total  number  Deeres  ^“reduced?3 

obviously  troolcnl  oortlon  of" the  Near  World.  °  RrCn  Rn<*  the  most: 


land  and  has  p  reduce^fflim/T'^Tvif "eiinate1??  tentT  1J!rfely  *rpss 

climate  is  temoerate  but  th-> 


nnct  has  p  reduced  fauna.  The 
^re  chiefly  of  Neotropical  origin. 


Croc  sine;  tho  North  Atlantic  '«e  come  to  the  largest  of  oil 
graphical  regions,  the  Falrearctlc.  Thin  t. 


zoogeographl 
the  Azores  »nd 


animals 


the 


-  *  vjaocuus  i  rom  ic 

the  Caoe  Verne  Islnnos,  east  to  the  Bering  Stral 


This  extends  from  Iceland 

t'Vio  15 o  vi 4  s>>  c>  4>  j 
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It,  therefore,  extends  more  than  half  way  around  the  world.  Its 
southern  boundary  Is  the  southern  boundary  of  the  African  desert,  the 
entrance  to  the  Persian  Gulf,  the  Himalayas  and  the  valley  of  the 
Yangtze.  It  nay  be  divided  Into  four  subregions,  the  first  being 
the  European,  bounded  on  the  south  by  the  Pyrenees,  the  Airs  and  the 
Caucasus  and  on  the  east  by  the  Caspian  3en  and  the  Urals.  Climatically 
this  area  Is  much  like  the  California  subregion  of  the  Nearctlc. 

South  of  the  European  is  the  Mediterranean  subregion  which  extends 
;ast  to  the  valley  of  the  InduB.  It  is  a  hot  and  largely  dry  region 
similar  in  some  respects  to  the  West  Indies  subregion,  but  It  is  hot 
at  all  troDical. 

The  third  subregion  corresponds  to  the  Canadian  Arctic  end  is 
cut  off  from  the  fourth  by  a  boundary  line  which  begins  high  ut>  In  the 
Yangtze  vnlley  and  extends  northeastward  and  then  eastward,  following 
approximately  the  north  boundary  of  Manchuria,  but  Including  the 
whole  of  the  island  of  Snghalin  and  the  Kuriles. 

The  fourth  subregion,  the  Eastern  Asiatic, . comprises  what  is  left, 
being  Chinese  Mongolia,  Korea,  northeastern  Chino,  the  moln  islands 
of  Japan  south  to,  but  not  including,  the  RiuKiu.  The  whole  Pala.earctic 
region  is,  as  I  have  said,  clearly  related  to  the  Nearctlc  and  clearly 
distinct  from  the  tropical  regions  to  the  south  of  it.  Hence,  the 
Nearctlc  and  Palaearctlc  together  are  referred  to  as  the  Holarctlc. 

South  of  the  Palaearctlc  we  find  first  the  Ethiopian  region  divided 
into  four  parts.  First,  a  Sudanese  savannah  area  of  largely  unforested 
hot  country.  Second,  a.  Wert  African  subregion  of  rain  forest  extending 
from  about  Dakar  east  to  the  French  and  Belgian  Congos,  but  not 
including  Angola  which  belongs. to  the  first  region.  South  of  the 
Sudanese  subregion  le  the  Cape  subregion  bounded  on  the  north  by  the 
Kalahari  Deeert  and  Tanganyika.  The  fourth. subregion  comprises 
Madagascar  and  the  islands  of  the  western  Indian  Ocean.  This  last 
subregion  is  in  many  respects  very  peculiar. 

Turning  now  to  Asia  we  find  south  '*f  the  Palaearctlc  the  Oriental 
x’eglon  which  is  very  difficult  to  divide  into  usable'  subregions.  How¬ 
ever,  the  unforepted  portions  of  India  are  somewhat  distinct  pb  also 
south  China.  The  fauna,  of  the  remaining  grades  from  the  Malayan  area 
toward  the  Philippines  and  toward  the  Dutch  East  Indies,  but  since  all 
this  south  portion  consists  of  island?  it  tends  to  show  the  peculiarities 
to  *»’hich  all  island  regions  are  more  or  lees  subject.  The  southeastern 
boundary  of  the  Oriental  region,  in  any  event,  goes  between  the  Islands 
of  Ball  and  Lombok,  but  whether  it  passes  Just  west  or  Just  east  of 
the  Celebes  is  to  some  extent  a  matter  of  argument. 

The  la9t  great  region  is  the  Australian.  It  takes  in  not  only 
Australian  end  New  Guinea  but  all  the  islands  of  the  Pacific  from  the 
Pelewe,  east  at  least  to  the  Tuamotus,  It  can  be  divided  reasonably 
satisfactorily  into  a  definitely  tropical  area,  a  New  Guinea  subregion, 
which  takes  in  the  eastern  Dutch  East  Indies,  New  Guinea,  Bismarck 
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Archipelago  and  north  Queensland.  This  Is  on  the  whole  a  region  of 
larcre  or  moderately  large  islands.  South  of  this  Is  the  Australian 
subregion  nrooer  which  resembles  particularly  the  Patagonian  sub- 
region  end  the  New  Zealand  subregion  and  to  a  lesser  extent  the  Cane 
subregion. 

Still  further  southeast  Is  the  New  Zealand,  subregion  which  Is 
fully .  tennerate.  It  extends  ns  f*>r  north  as  Lord  Howe  <->nd  Norfolk 
Islands  and  Includes  the  sub-Antarctic  Islands  lying  south  of  4o° 
south.  North  of  this  and  east  of  the  Australian  and  New  Guinea  sub¬ 
regions  It  is  convenient  to  set  apart  a  Fl.lian  subregion,  Including 
the  Solomons,  New  Hebrides,  Fi.11,  He-  Caledonia,  and  Samoa.  It  is? 
characterized  by  moderately  larcre  Islands  with  a  much  richer  fauna, 
therefore,  than  the  last  subregion,  the  Central  Pacific,  which  is 
almost  entirely  a  region  of  small  and  low  iqlande,  Tahiti  is  a 
notable  exception,  and  in  which  we  may  include  the  Japanese  Mandated 
Islands  and  everything  east  to  the  eastern  boundary  of  the  region. 

It  win  be  notPd  that  certain  areas  have  been  left  out  of 
eonside ration  mostly  because  they  are  not  of  any  real  importance. 

There  include,  for  example,  the  Islands  of  the  southeast  Pacific, 

^he  islands  of  the  south  Indian  Ocean,  Antarctica  and  Arabia. 

Nec2ssc rlly  all  these  regions  for  one  reason  or  another  have  limited 
faunas  and  are  for  the  most  oart  rather  ooorly  explored. 

It  Is  evident  that  the  boundaries  of  all  these  region?  represent 
mostly  not  great  natural  berriers  such  ns  th*>  oceans  or  continuous, 
snow-capped  mountains  or  uninterrupted  deserts.  They  represent  rather 
the  line  along  which  the  dominating  character  of  th"  animala  changes 
from  that  of  one  region  to  thrt  of  an  adlacent  region.  In  addition, 
any  one  of  these  regions  could  be  divided  again  and  again  into  smaller 
and  smaller  units  which  has,  in  fact,  been  done  for  North  America  and 
Europe,  but  at  no  point  do  we  come  to  absolute  boundaries  applicable 
to  a  large  number  of  species.  The  usefulness  of  these  regions  is  that 
°n  organism  found  in  one  part  of  one  region  may  be  reasonably  expected 
in  similar  habitats  throughout  the  region  or  aubregion  and  «*o  Pre> 
therefore,  able  to  undertake  som°  small  amount  of  prophecy. 

The  size  as  well  as  the  degree  of  isolation  of  land  masses  has 
its  effect  on  the  number  of  species  or  insects  to  be  expected 
naturally.  In  the  case  of  oceanic  islands  this  is  probably  because 
the  smaller  islands  have  less  diversity  of  natural  conditions  and, 
nence,  fewer  niches  into  which  insects  nay  fit.  Such  comments,  of 
course,  do  not  apply  at  all  to  thoroughly  domesticated  insects,  such 
as  many  of  the  ants.  In  such  Instances  the  mere  habitation  of  a 
louse  may  provide  the  requisite  environment. 
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The  type  of  civilization  occurring  in  a  particular  region  has  a 
certain  amount  of  effect  on  the  occurrence  of  nest  insects.  Evidently 
the  storage  under  more  or  less  unsanitary  conditions  of  quantities  of 
n  single  material  predisposes  to  its  infestation  by  the  insects  pe¬ 
culiar  to  that  material.  Whereas  a  less  developed  reprion  In  which  food 
substances  in  particular  are  stored,  either  in  small  quantities  or  not 
at  nil  may  be  expected  to  be  freer  of  massive  infestations  of  insects. 

Before  massing  to  specific  details  it  may  be  well  to  point  out  the 
oasis  on  which  I  have  ventured  to  make  some  predictions  of  the  extent  to 
’'hich  special  infestations  may  be  expected  in  certain  ar^as.  In  tho=»o 
•rourn  in  which  it  was  possible  I  h've  considered  the  distribution  of 
ill  of  the  species  at  nil  closely  related  to  the  known  masts,  and  it  is 
very  striking  that  mast  species  do  tend  to  be  related  to  one  another  ana 
the  less  closely  related  families  and  genera  in  an  order  show  fewer  rest 
species.  This  tendency  of  nest  sm^cies  to  be  more  or  less  closely 
related  is  illustrated  by  th~  bpetle  family,  Tenebrlonldae .  Oeblen 
divides  this  family  into* eishty-f lve  groups  (subfamilies),  of  "bich  the 
file  contains  representatives  of  twelve,  comprising  twenty-five  gener". 
Wine  genera  or  more  than  one  third  of  the  total  fail  in  the  on°  sub¬ 
family,  Ulorainae.  No  other  subfamily  is  remresented  by  more  than  three 
?e  ne  re . 

It  remains  also  to  make  clear  what  I  mean  by  certain  statements  of 
range  used  in  the  text,  "rid  al80  *n  the  emmendix: 

(a)  Cosmopolitan  species  -  Th^s*  smecles  are  not  literally 
found  everywhere  in  the  world,  but  they  have  become  so 
widely  distributed  that  they  may  be  reasonably  expected 
wherever  adequate  food,  shelter,  temperature  do 
occur.  Naturally,  therefore,  very  few  of  them  occur  in 
the  arctic,  largely  from  lack  of  adequate  heat.  They 
nay  be  considered  as,  for  the  most  mart,  domesticated 
Insects. 

(b)  Widespread  species  -  This  designation  is  difficult  to 
define  consistently,  but  I  hsvp  used  it  in  reference 
to  those  smecies  which  ere  found  in  an  assortment  of 
geographical  regions  such  that  they  could  not  have 
naturally  smrend  to  the  "’hole  of  the  recorded  ranee.  It 
is  probably  fair  to  conclude  that  most  of  these  species 
arc  on  their  way  to  becoming  cosmopolitan. 

(c)  Tropicopolitnn-  Those  epecies  are  found  generally  through¬ 
out  the  tropics  but  not  in  temperate  regions.  They  nay, 
therefore,  be  thought  of  as  cosmopolitan  species  whose 
extension  of  range  is  terminated  by  their  rpouirenent  of 
relatively  hieii  temperatures  throughout  the  year. 
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Natural  Regions  or  Military  Areas  Considered  Separately 

In  this  section  I.  shall  take  up  twenty-nine  areas  in  which  it  is 
reasonable  to  suppose  that  considerable  numbers  of  army  personnel  "ill 
eventually  be  operating.  The  division  of  the  separate  regions  is  b^sed 
on  large  part  on  zoological  convenience,  but  I  have  omitted,  on  the 
whole,  those  parts  of  the  world  in  which  it  wag  fairly  apparent  that 
large  scale  military  operations  would  not  be  undertaken. 

North  America 

1 

1.  The  Northeast 

This  comprises  the  region  from  Chesapeake  Bay  northward  and  extend¬ 
ing  wast  to  the  Gre^t  Plains.  It  is  on  the ' whole  a  region  in  which  the 
numbers  of  native  insects  are  not  extensive.  In  fact  its  fauna  consists 
for  the  most  p*rt  of  immigrants  since  the  last  glaciation.  Those  that 
came  without  the  aid  of  man  were  chiefly  from  southeastern  America,  but 
most  of  the  important  pests  arrived  from  diverse  regions  through  commerce 
As  a  result,  the  larger  part  of  the  pest  insects  er^  cosnopolitnn  or 
widespread.  The  chief  native  species  are  a  few  wood-destroying  forms 
like  the  black  carpenter  ant  and  the  eastern  subterranean  termite.  As 
•>  whole,  the  region  offers  rather  few  problems.  Having  been  long  settled 
’.na  the  scene  of  great  commercial  activity,  it  is  well' provided  -"ith  pro¬ 
fessional  peet  control  operators, 

2.  The  Southeast 

This  area  lies  south  of  the  preceding  and  like  it,  extends  wP9t  to 
the  Great  Plains,.  It  has  a  larger  fauna,  derived  for  the  most  part  from 
Central  America  and  the  West  Indies  and  as  in  the  northeast  most  of  the 
pests  of  stored  materials  are  cosmopolitan  species,  with  a  very  few 
trooicooolltan  ones  occurring  in  the  extreme  southern  part  of  the  area. 
This  invasion  of  troolcooolitan  species  is  most  noticeable  In  the  c°se 
of  the  ants  and  a  few  nnobild  beetles.  The  striking  native  nests  **re  a 
few  termites  and,  in  the  Alleghenies,  several  wood-boring  lon^-hornen 
beetles.  The  area  as  a  whole  is  not  w0n  provided  with  relatives  of  the 
"Oil  knpwn  pests. 

3.  The  West  Coast 

This  area  extends  from  the  Rockies  west,  including,  therefore,  the 
Great  Basin  deserts.  Technically  It  should  include  Lower  California, 
which  Is  rather  poorly  known,  and  extends  north  to  about  th a  Queen 
Charlotte  Islands..  The  insects,  of  this  region  are  derived  In  ^Rrt  from 
central  America  and  in  part  from  eastern  Asis.  The  former  component  is 
the  more  important.  There  are  the  usual  cosmopolitan  and  widespread 
forms,  but  as  would  be  expected  from  the  emphasis  on  fruit  growing  and 
crylng  in  much  of  the  western  part  of  the  region,  it  is  particularly  rich 
in  those  insects  which  infest  dried  fruits.  It  is  also  a  region  in  which 
there  are  many  native  species  of  tenebrlonids,  and  we  may  suppose  that 
lltlmntsly  many  of  these  will  prove  to  have  some  small  significance, 
further,  it  is  the  one  part  of  temperate  North  America  in  which  both  dry- 
,:ood  and  damp-wood  termites  are  of  narked  importance  and  widespread. 
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7.  Northern  Coastal  Revlon 

7l11®  part  of  South  America  Is  on  the  whole  r*sther  poorlv  known 
except  for  British  Guiana  and  Trinidad.  Even  the  northeastern  part  of 
Brasil  seems  not  to  have  been  well  explored.  Commencing  again  with  the 
termites,  we  find  that  Trinidad  has  a  total  of  fifty-six  or  more  species 
md  British  Guiana  of  seventy-seven.  About  one-fifth  of  these  are  dry- 
••00a  termites  and  fewer  than  ten  are  subterranean  termites  but  the 
Tpnue  Co_ptot  ernes  is  here  included.  Native  wood-boring  beetles  ere  not- 
’oly  numerous  in  species  (twenty-one  recorded).  Taking  South  America 
jene rally,  there  are  a  rather  few,  about  six,  native  insects  recorded 
'  rom  peas,  beans,  and  edible  nuts;  there  are  about  twanty-two  grain 
lnst3cts,  mostly  beetles,  peculiar  to  South  America.  It  is  very  pro¬ 
bable  that  there  are  additional  p^sts  of  peas  and  beans  and  perhaps 
some  meat  infesting  dermestids  still  to  be  found.  The  region  ^is  matched 
only  by  Central  America  in  the  probable  intensity  of  attack  by  drv- 
wood  termites.  J  'y 

3.  Europe  and  North  Africa 

_  .  71118  extending  northward  from  the  southern  boundary  of  the 

Sahara,  should  probably  be  divided  into  several  smaller  parts  I  have 
'1  ready  pointed  out  that  the  --hole  region  of  the  Mediterranean  basin 
forms  a  unit.  Western  Europe  north  of  the  Pyrenees  and  the  Aloe  and 
extending  along  the  coast  as  far  as  Denmark,  forms  another  area  which 
to  q  considerable  extent  resembles  the  Pacific  northwnst  in  climate 
me  Whole  of  Europe  north  of  the  Alps  and  the  Transylvanian  mountains 

i. orms  n  third,  fairly  satisfactory  area  with  more  severe  winters  than 
ohe  preceding.  However,  f.ll  of  these  are^s  are  temperate  ^nd 

to  have  derived  their  fauna  for  the  most  part  from  the  ^astw*rd  rather 
than  from  tropical  Africa.  The  whole  region  is  characterized  bv  the 
very  small  number  of  species  of  termites,  with  one  dry-wood  spades 
^iCing  practically  confined  to  the  Mediterranean  Basin  and  the  other 

j.  subterranean  termite,  extending  a  moderate  distance  northward  into 
prance.  There  are,  in  addition  a  very. few  other  termites  recorded 
.rom  North  Africa;  in  all,  twelve  In  northwest,  Africa  and  twenty  in 
lorthee.st  Africa,  not  Including  Eritrea.  On  the  other  hnnd  I  find 
recorded  for  Europe  generally,  not  less  than  twenty-eight  species  of 
"ood  boring  beetles,  the  moat  of  which  are  restricted  to  the  continent 
-nd  some  fourteen  insects  associated  with  peas,  beans  and  lentils  and' 
mout  the  same  number  associated  with  dried  fruits.  Turning  to  the 
^rain  insects,  I  find  twenty  of  them  with  restricted  ranges,  occurring 
in  North  Africa,  and  about  seventy-eight  in  Europe.  This  last  figure 
is,  In  part  a ^  least,  a  tribute  to  the  very  extensive  work  on  the  pests 
of  stored  grains  which  has  been  carried  out  in  England  and  in  Russia 

It  does  not,  undoubtedly,  reflect  an  extraordinary  prevalence  of  such 

•The  eastern  subterranean  termite  ( Ret  1  cull  terries  flavines)  hes  been 
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Insects  In  Europe  as  opposed  to  other  regions.  On  the  whole,  I  should 
expect  the  situation  to  be  generally  no  worse  than  on  our  Pacific  coast 
although  it  appears  worse  due  to  relatively  better  exploration. 

Africa 


9.  Eritrea 

As  seens  to  be  true  generally  of  the  former  Italian  colonies, 
Eritrea  is  but  little  known  from  the  entomological  oolnt  of  view,  and. 
Incidentally,  the  same  may  be  said  of  Ethiopia,  French,  and  British 
Somaliland;  however,  the  area  with  which  we  are  concerned  Is  largely 
coastal  desert  and  would  not  be  expected  to  have  a  larc-e  insect  fauna, 
it  possesses,  for  example,  twenty  termites,  of  which  seventeen  belong 
to  the  Termitldae,  the  sane  number  as  are  found  in  northeastern  Africa, 
with  almost  the  same  distribution  anohg  the  families.  Of  these  erodes, 
but  two  are  actually  known  to  damage  wood.  There  is  also  one  wood  bor¬ 
ing  beetle  of  rather  wide  distribution  recorded  from  Eritrea.  Beyond 
this  there  are  practically  no  special  reports;  however,  there  is  cer¬ 
tainly  pothing  to  prevent  the  establishment  of  any  of  the  cosmopolitan 
■>r  widespread  insects  of  stored  products,  or  most  of  the  trooicooolitan 
species, 

10.  West  Africa 

In  3one  respects  the  region  from  Dakar  to  the  mouth  cf  the  Congo, 
extending  inland  across  the  Belgian  Congo,  is  one  of  the  richest  in  the 
world,  from  the  point  of  view  of  insect  life.  For  example,  there  are 
recorded  from  the  Belgian,  Congo  at  least  one  hundred  and  eighty- four 
species  of  termites,  which  is  nearly  twice  as  many  as  from  any  other 
region  of  comparable  sire.*  Hie  remarkable  fnct  about  West  Africa  is 
that  there  are  comparatively  few  dry- wood  termites  and  very  few  sub¬ 
terranean  termites  of  the  family  Rhinotemitodne .  The  twenty  soecies 
of  termites  recorded  as  causing  actual  damage  in  tropical  Africa  '’re, 
for  the  most  part,  members  of  the  Termitldae.  In  addition  to  those  the 
region  possesses  about  fifteen  other  Insects,  mostly  beetles,  that  are 
known  to  damage  timber.  Partly  due  to  special  interest  in  the  sub¬ 
stances,  West  Africa  possesses  -•  small  number  of  insects  which  attack 
cacao  and  a.  still  smaller  number  infesting  peanuts,  which  are  reported 
from  no  other  area.  Special  grain  insects  arc  relatively  few,  about 
thirteen  species;  however,  a  large  proportion  of  the  widely  distributed 
food  insects  are  already  known  fron  West  Africa.  It  would  not  be  in 
the  least  surprising  if  the  region  yielded  n  considerable  number  of 
tenebrionld  beetles  as  posts, 

Asia 


11.  Western  Asia 

Western  Asia,  like  northeastern  Africa,  is  for  the  most  part  a 
decidedly  dry  region,  and  in  some  portions,  such  as  Iran,  high  enouedi 


•The  whole  Australian  continent  possesses  l4o. 


to  be  cold  in  the  winter  time.  As  a  consequence  it  appears  to  have  a 
relatively  small  Insect  fauna  with  comparatively  few  wood  boring  insects 
although  a  pood  many  food  Infesting  species  hove  been  reported  from  the 
region,  especially  from  Tashkent.  These  are  mostly  widespread  forms, 
which  have  been  Introduced.  I  do  not  anticipate  any  very  serious  special 
problems. in  the  area. 

12.  India 

Like  Europe,  India  is  so  large  that  it  can  hardly  be  considered  a 
unified  region.  It  sterns  to  show  almost  all  conditions  from  hot  desert, 
through  tropical  forest,  to  cool  temperate  forest.  For  our  purpose 
we  may  Include  Ceylon  with  India.  We  find  n  fair  number  of  dry-wood 
termites,  naturally  most  abundant  in  the  warm  forest  regions,  a  much 
smaller  number  of  subterranean  termites,  and  a  considerable  proportion 
of  Temitidee.  The  total  number  of  species  reported  fron  India  proper 
is  eighty-one  and  from  Ceylon,  fifty-nine.  In  addition,  the  more 
tropical  portions  of  India  are  particularly  rich  in  wood-boring  beetles, 
and  there  are  a  fair  number  from  the  somewhat  cooler  forest  area  of 
Assam.  It  is  rather  interesting  that  almost  all  of  the  information  on 
damage  by  wood-boring  beetles  to  actual  military  equipment  comes  from 
records,  published  by  Mr.  Beeson,  on  the  basis  of  specimens  submitted 
by  the  Rawalpindi  Arsenal.  Largely  through  the  efforts  of  the  same  in¬ 
vestigator  we  know  relatively  more  about  wood-boring  beetles  in  India 
than  in  any  other  tropical  region,  although  it  seems  fairly  certain  that 
the  number  of  such  beetles  occurring  perhaps  in  North  and  South  America 
and  in  the  Dutch  East  Indies  is  likely  to  be  actually  still  larger. 

There  nre  also  about  fifteen  grain  Insects  of  fairly  restricted  distri¬ 
bution  reported  from  India.  I  would  expect  the  region  to  yield  a  fair 
number  of  silvanld  beetles,  attacking  stored  products,  and  a  few  dexv- 
mestld  beetles  and  clothes  moths  Infesting  wool  and  other  animal  products. 

13.  Burma  and  Malaya 

With  the  two  named  political  areas  we  may  also  include  southern 
Siam  and  Indo-China.  The  whole  area  is,  of  course,  definitely  tropical 
but  much  of  it  is  imperfectly  known.  From  Malaya,  itself,  there  are 
reported  some  seventy-eight  termites,. of  which  one~9ixth  are  Rhino- 
temltldae  and  it  is  to  be  expected  that  most  of  the  termite  damage  of 
the  area  will  be  due  to  such  termites.  In  addition  there  are  nearly 
thirty  other  wood-boring  Insects,  mostly  beetles,  included.  Aside  from 
the  wood-boring  insects  most  of  the  pests  reported  seen  to  be  p  fairly 
general  distribution,  and  on  the  whole  similar  to  those  occurring  in 
India  and  the  Dutch  Indies.  We  do  happen  to  know  that  there  are  a  large 
number  of  meat  infesting  flies  of  the’  genus,  Sarcophagr.  The  region 
is  certainly  not  peculiar  in  this  respect,  but  has  been  particularly 
studied  by  Senior-White.  The  area  is  very  rich  in  beetles  and  in 
roaches,  but  very  few  have  been  reported  as  pests.  I  suspect  that  too 
much  of  the  act1  ml  handling  of  stored  material  has  been  in  the  hTids 
of  non-Europeans  to  provide  us  with  real  Information. 
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1^-.  Southeastern  Asia 


nay  include  northern  Slain  and  Indo— China  and  extreme  southern 
China -in  this  area;  probably  Formosa  also  should  be  included  ?he" 
region  verges  upon  the  temperate  zone,  and  as  one  would,  expect  haa  a 
much  smaller  fauna  than  lialaya.  On  the  whole  it  is  a  similar  fauna 
with  relatively  little  in  the  way  of  temperate  elements. 

15.  Eastern  Asia 

This  includes  the  general  coastal  repion  from  about  Hong  Kong 
northward  to  Korea  ana  Japan.  It  is  r  temperate  area  with  a  relatively 
'mall  infiltration  of  tropical  species,  and  in  many  resoects  is  closely 
similar  to  the  northeastern  United  States.  What  has  been  said  of  the 
northeastern  United  States  seems  to  rpoly  relatively  well,  even  to  the 
fact  that  the  chief  genus  of  subterranean  termites  is  the* same  in  the 
two  regions,  although  in  south  China  there  is  probably  more  termite 
damage  than. in  the  middle  states.  A  considerable  proportion  of  our 
references  to  silk  destroying  insects,  for  obvious  reasons,  com»s  from 
this  region. 

Dutch  East  Indies,  etc. 

16.  Dutch  islands,  west  of  Wallace’s  line 

This  area  for  the  most  cart  consists  of  the  continental  islands 
of  Sumatra,  Java,  and  Borneo,  but  includes  the  outlying  islands  and 
those  between  the  named  islands  and  iielayr.  Its  eastern  boundary 
nasees  between  Ball  and  Lombok,  through  the  middle  of  the  Flores  Sea 
and  through  the  Molucca  3er,  to  the  westward  of  all  the  islands  except 
those  immediately  adjacent  to  the  Celebes.  From  there  it  runs  north— 
westwrrd,  the  area  including  the. large  southern  islands  of  th«  Sulu 
Archipelago,  thereafter  following  the  international  boundary  between 
North  Borneo  and  the  Philippine s. 

The  main  iGl*»nda  hepe  included  are  either  but  slightly  separated 
from  the  Asiatic  mainland  and  each  other,  or,  in  the  capo  of  Borneo 
of  continental  dimensions.  The  Celebes,  which  has  a  very  peculiar 
faun",  la  included  largely  rs  *»  matter  of  convenience.  The  fnUna  on 
these  larger  islands  is  relatively  rich  and  in  many  wnys  closely  re¬ 
lated  to  that  of  the  Asiatic  mainland.  So  far  as  wood  destroying 
insects  go,  there  are  about  the  same  number  of  termites  as  in  Malaya 
but  rrther  fewer  beetles,  perhaps  because  of  less  exploration.  The  ’ 
pests  of  stored  products  have  not  been  extensively  investigated*  how¬ 
ever,  one  11 st  of  such  insects  from  Java  shows  for  the  most  part  wide¬ 
spread  species  rather  than  native  species.  The  anta  of  the  region  pre 
fairly  well  known,  but  here  also,  regardless  of  the  ouestion  of  ultimate 
origin,  the  destructive  species  prove  to  be  widely  distributed. 


17.  The  Philippines 


This  area  Includes  the  Philippines  as  a  political  entity,  except 
for  the  division  of  the  Sulu  Archipelago  mentioned  in  the  preceding 
paragraph,  and  the  inclusion  of  certain  Dutcn  islands  north  of  the 
Moluccas  as  far  south  as  Pulu  Sangihe. 

From  a  zoological  point  of  view  the  Philippines  may  be  considered 
large  oceanic  islands.  They  have,  therefore,  a  moderately  extensive 
fauna  and  have  been  fairly  well  explored.  Aside  from  the  termites,  of 
which  the  islands  afford  nine  destructive  species,  most  of  the  pests 
are  widespread,  non-native  forms. 

lg.  Islands  from  Wallace's  line  to  western  New  Guinea 

This  area  is  bounded  on  the  west  by  the  main  portion  of  the  Dutch 
East  Indies  and  on  the  north  by  the  Philippines.  Its  eastern  boundary 
begins  in  the  Timor  Sea,  passing  northeastward  between  the  Zuid  Ooster 
Eilanden  and  the  Tanimbar  Islands,  thence  northward,  immediately  east 
of  Ceram  and  west  of  tllsool  island,  then  northeastward  and  northward 
Just  east  of  Tobi 

These  islands  are  very  poorly  known  for  the  most  part,  in  srite  of 
the  fact  that  they  have . contributed  to  European  commerce  for  some  four 
centuries.  They  are  also  small  and  as  a  conseauence  should  have  a 
rather  restricted  fauna.  The  Insects  would  be  expected  to  be 
for  the  most  part  related  to  those  of  Australia,  rather  than  the  western 
Dutch  Indies.  We,  therefore,  can  anticipate  no  special  problems, 
especially  ns  it  seems  certain  that  the  number  of  wood  destroying  insects 
is  decidedly  limited. 

Australasia 

19.  New  Guinea 

This  area  lies  east  of  the  preceding,  with  its  southern  boundary 
cessing  through  the  Arafura  Sen  and  north  of  the  islands  in  Torres 
Strait,  thence  around  the  extreme  easterly  end  of  New  Guinea,  includ¬ 
ing  the  coastal  islands,  but  not  the  Trobrland  and  Louisiade  groups, 
thence  close  to  the  coast  of  New  Guinea,  northwestward  and  westward 
Just  north  of  the  Schouten  Islands. 

It  is  8 1 ill  true  th^t  New  Guinea  is  the  largest  unexplored  area 
in  the  world.  We  can  be  sure,  for  example,  that  the  nineteen  species 
of  termites  so  far  recorded  from  New  Guinea  represent  a  rather  small 
fraction  of  the  total  number  of  species  occurring  there,  and  we  can 
be  equally  sure  that  termite  damage  will  prove  to  be  very  severe.  In 
all  probability  the  same  sort  of  thing  can  be  said  for  wood-boring 
beetles  and  a.t  least  some  pests  of  stored  products,  but  there  is 
scarcely  information  enough  to  hazard  any  guesses.  One  night,  to  be 


sure  anticipate  damage  to  protein  materials,  caused  by  the  genus 
Trorrodema.  ‘It  Is  a  fact  of  considerable  interest  under  present  con¬ 
ditions  that  all  we  know  of  the  termites  of  the  Tnnimbar  and  Aroe 
islands  is  due  to  the  collections  made  by  a  Japanese  investigator 
nearly  forty  years  ago.  That  same  investigator  visited  virtually  all 
the  points  in  the  eastern  Dutch  East  Indies  and  the  New  Guinea  region, 
which  have  since  become  Japanese  operational  bases. 

20.  Tropical  Australia 

g rea  takes  in  northern  Australia  and  the  coastal  islands,  and 
Its  southern  boundary  may  be  drawn  for  convenience  through  the  follow¬ 
ing  settlements:  Broome,  Tennant's  Creek,  Hughenden,  and  Rockhampton. 

Tills  part  of  Australia  has  a  rather  rich  fauna,  distantly  related 
to  that  of  southeastern  Asia;  it  is,  for  one  thing,  very  rich  in  specie s 
of  termites  there  being  known  from  the  continent  as  a  whole,  140  species. 
Of  these  thirty-nine  are  known  to  cause  actual  damage;  however,  the 
region  is  not  so  rich  proportionately  in  wood-boring  beetles,  and  aside 
from  clothes  moths,  far  from  rich  in  native  pest  Insects.  Quite  sur¬ 
prisingly  none  of  the  native  roaches,  of  which  there  are  many  species, 
are  recorded  as  pests.  The  ants  referred  to  in  the  next  paragraph  are 
probably. as  serious  in  tropical  Australia. 

21.  Temperate  Australia 

Temperate  Australia  Is  all  of  the  continent  south  of  the  preceding, 
and  Including  Tasmania  end  Lord  Howe  Island, 


This  rren  contrlns  many  fewer  species  of  insects  than  the  pre¬ 
ceding,  but  they  °re  of  the  same  general  origin.  Termite  damage,  for 
example,  diminishes  considerably  as  one  leaves  tropical  Australia,  al¬ 
though  it  is  not  unnotlceable,  even  in  New  South  Wales.  Host  of  the  pest 
insects  on  record  are  importations  from  elsewhere.  However,  there  is 
a  considerable  list  of  ants,  chiefly  the  genus  Irldomyrme_x_,  which  are 
native  to  the  continent  and  regarded  very  troublesome. 

Pacific  Islands 


22.  Micronesia 

This  are*  Includes  the  Japanese  mandated  islands,  that  is  to  say, 
the  Caroline  and  Marshall  groups  and  the  islands  north  of  them  as  far 
"G  the  Bonlns  and  Rasa  Jlma.  Its  southern  boundary  is  on  the  Equator 
as  far  east  aa  l60°E,  thence  southeastward  to  include  the  Ollbert  and 
Ellice  islands,  as  far  south  as  Nuraklta  island,  thence  north  on  the 
ISO  meridian  to  the  Equator,  west  to  177°E*  thence  north  to  }0°N.  it 
therefore  includes  Wake  Island. 

As  I  have  already  pointed  out,  small  and  low  islands  have  in  genera 
''very  impoverished  fauna  unless  they  happen  to  lie  very  close  to  large 
land  masses.  This  appears  to  be  especially  true  of  the  rather  isolated 
Islands  of  Micronesia*.  For  example,  but  four  termites  are  recorded,  of 
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which  two  are  subterranean  members  of  the  Hhinotermltidae .  Even  these 
do  not  3eem  sufficiently  numerous  to  cause  much  damage.  Much  the  same 
thing  can  be  said  of  the  Insects  of  other  groups.  As  far  as  I  can' learn 
all  of  the  nest  insects  recorded  on  Guam,  the  largest  island  in  the 
area,  are  imported  although  nresumably  there  is  at  least  one  native 
termite  there.  It  is  highly  doubtful  whether  more  exnloratlon  would 
yield  an. appreciable  number  of  Indigenous  nests. 

23.  The  islands  east  of  New  Guinea 

This  area  lies  esst  of  New  Guinea  and  south  of  the  ore ceding*  It 
includes  the  Bismarcks,  the  Solomons,  the  New  Hebrides,  end  a  few  other 
islands.  Its  southeasterly  boundary  is  the  Jurisdictional  line  between 
New  Caledonia  and  the  New  Hebrides,  and  thence  north  in  Longitude  17S°E 
to  the  southeastern  boundary  of  Micronesia.  0  J 

These  islands  are,  many  of  them,  of  resoectable  size  and  high 
enouph  to  bear  dense  forest.  As  a  consequence,  they  have  n  rather  rich 
though  not  well  known  fauna.  To  take  the  termites  as  an  example  I 
find  recorded  from  the  Bismarcks  eleven  soecies,  from  the  Solomons  ten 
and  from  the  New  Hebrides  five.  All  of  these  figures  and  especially *  ' 
the  iast  are  considerably  under  the  mark.  The  government  entomologist 
at  3uva,  Mr.  Lever,  writes  me,  under  date  of  April  9,  1943,  to  the  effect 
that  termite  damage  in  the  Solomons  can  be  expected  to  be  very  severe 
ond  we  may  assume  about  equal  severity" in  New  Britain,  New  Ireland  end 
the  larger  islands  of  the  New  Hebrides.  Rather  Interestingly  six’ ter¬ 
mites  are  recorded  from  the  Santa  Cru?  islands.  Aside,  however  from 
the  termites,  virtually  no  native  Insects  are  recorded  s  nests*  This 
is  not  entirely  sumrising  since  a  number  of  families,  live  the* 
tencbrionlds  and  the  demestids,  which  supply  fair  numbers"  of  pests  in 
continental  areas,  3how  few  species  in  the  Pacific  islands. 

24.  New  Caledonia 

Tho  boundaries  of  this  area  follow  exactly  the  Jurisdictional 
boundaries  of  the  French  colony. 

This  island  and  the  adjacent  Loyalty  islands  are  a  rather  isolated 
group  that  appears  ;n  some  ways  to  be  quite  different  from  the  surround¬ 
ing  areas.  In  regard  to  the  Insects  of  Interest  to  113,  it,  is  by  no 
loans  well  explored.  For  Instance,  but  six  termites  ore  recorded  of 
vhich  five  arc  Krlotermitldae,  and  the  significant  families  of  beetles 
appear  to  be  almost  unknown.  One  could,  however,  assume  that  In 
forested  parts  of  the  island  considerable  damage  might  be  expected 
out  relatively  little  in  the  drier  are.' 3.  A  few  genera  of  beetles* which 
are  usually  continental  are. known  from  New  Caledonia. 

25.  New  Ze.olf\nd,  etc. 

This  area  Includes  not  only  New  Zealand  proper  but  all  the  islands 
dependent  on  it,  ns  far  as  170°W,  ana  including  also  Norfolk  Island 
which  is  a  dependency  of  Australia.  '  ' 


The  fauna  of  New  Zealand  Is  In  many  resoects  an  extremely  oecullar 
one.  The  islands  now  oossess  ten  soecies  of  termites,  mostly  inoorted 
from  Australia,  and  as  the  genus  Coototermes  is  here  reoresented  it 
lends  weight  to  ny  earlier  comment  on  the  relative  ease  with  which 
members  of  that  genus  are  trnnsnorted.  So  far  ns  I  c»n  say  the  native 
insects  of  New  Zealand  are  relatively  uninoortant,  but  it  is  worth 
reoenting  here  that  weevils  of  wood-boring  tynes  are  remarkably  numerous 
in  soecies,  although  there  seems  to  be  no  clear  reoort  of  damage  by 
then.  At  least  one  long-horned  beetle  is  fairly  serious. 

26.  The  Fijis 

This  area  includes  the  Fi.11  <rrouo  orooer,  The  following  nearby 
islands  are  excluded:  Hoturna,  Wallis,  Horne,  Niuafoo,  and  the  Tonga 
group. 

Although  fairly  large  islands,  the  Fijis  are  so  far  removed  from 
the  Australian  continent  that  they  have  a  rather  small  fauna.  It  is 
orobnblc  that  the  six  termites  recorded  (at  least  one  of  them  intro¬ 
duced)  represent  about  all  of  the  staples  of  this  grouo  to  be  expected. 
Termites  do,  however,  cause  a  certain  amount  of  damage,  but  in  any 
event,  much  less  than  in  the  3olomons.  There  are  rather  few  native 
insects  pf  any  importance  to  us. 

27.  Central  Pacific  Islands 

Tills  includes  all  islands  east  of  the  Fijis  and  Micronesir  to 
latitude  10 °N.  For  our  ourposes  it  may  be  considered  as  having  its 
eastern  boundary  in  longitude  133°W,  that  is  to  eay,  Just  east  of  the 
Gambler  Islands. 

What  fias  Just  been  said  of  the  Fijis  noolies  with  even  more  force, 
to  the  Central  Pacific  islands,  of  which  the  main  islands  of  3nmoa  are 
the  largest.  Termites  are  almost  unreoorted  from  most  of  these  islands. 
There  are  six  reported  from  Samoa  and  two  from  the  Ellice  grouo,  but 
almost  the  only  rcoorts  from  any  of  $he  other  islands  deal  with  one 
widely  distributed  dry-*ood  species,  which  is  probably  native  and  one 
or  two  instances  of  lmoorted  soecies.  .Commerce,  however,  has  distributed 
a  number  of  the  well  known  pests,  esoeclally  ants,  almost  universally 
throughout  the  Central  Pacific  islands. 

22.  Hawaii 

Thin  includes  not  only  tho  Hawaiian  chain  orooer,  but,  as  well, 
Johnston  Inland  for  convenience. 

These  islands  have  received  almost  more  than  their  share  of 
importations,  including  the  very  injurious  Coototermes  fomosanus.  but 
they  oossess  a  very  small  netive  fauna  of  any  interest  to  uiT  ETke  New 
Zealand  there  are  a  fair  number  of  00  tent  ini  wood-boring  weevils  "1  though 
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I  find  no  report  of  damage  from  this  cause.  In  addition  the  very 
curious  beetle,  lilcronalthus  debills,  has  been  imported  from  the  United 
States.  .  . . .  '  . . 

29.  The  Galaougos 

This • Includes  only  the  Galapagos  Archipelago. 

The  aridity  of  these  islands  end  the  paucity  of  their  human  pop¬ 
ulation  seems  to  have  combined  to  render  them  nearly  wanting  in  kno»«n 
pests.  They  do,  to  be  sure,  have  a  small  native  fauna  of  South  American 
origin,  which  includes  a  very  few  termites,  and  naturally,  some  beetles. 
Je  would  not,  however,  expect  any  great  amount  of  damage. 

The  features  brought  out  in  the  preceding  discussion  ignore  almost 
completely  the  widespread  insects  which  can  bo  expected  over  considerable 
areas,  even  in  regions  where  none  of  their  near  relatives  are  native. 
Based  on  the  definitions  given  above  for  cosmopolitan,  widespread,  and 
tropicopolitan,  the  following  tabulation  shows  the  total  number  of  specie 
so  far  recorded  and  the  number  of  specie  a  having  a  wide  distribution. 


Total 
Specie  8 
on  list 

Cosmopolitan 

Widespread 

Trooicopolitrn 

Total  of 

3  Preceding 
columns 

Physanura 

11 

2 

1 

3 

Crthontera 

23 

5 

7 

12 

Demaptera 

4 

2 

1 

3 

Isoptern 

137 

1 

1 

Smbiootera 

1 

Scheme root era 

2 

Psocoptora 

19 

2 

2 

Trlchoptern 

12 

Lcoidoptera 

102 

20 

6 

6 

32 

Coleoptera 

5^7 

66 

44 

16 

126 

Diptera 

71 

3 

5 

S 

Hymenoptcra 

as 

2 

5 

10 

17 

Arachnidn 

4l 

3 

2 

5 

■ » 

103 

4? 

559 

It  will  be  eeen,  therefore,  that  generally  speaking,  in  the  tropics 
one  nay  expect  to  be  faced  with  the  very  good  possibility  of  contending 
”ith  some  two  hundred  species  of  pest  insects  without  taking  ''ny  native 
oests  into  account. 
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6.  Conclusions  and  Recommendations 


In  this  section  I  shall  attempt  to  draw  suoh  broad  and  general  con¬ 
clusions  as  the  present  state  of  our  knowledge  seems  to  warrant  and  to 
lake  a  number  of  recommendations.  The  reader  should  be  warned  that  I 
lave,  to  some  extent,  made  recommendations  which  are  somewhat  idealistic. 

I  have  done  this  because  it  is  ny  conviction  that  the  progress  will  be 
chiefly  made  because  there  is  a.n  adequately  high  goal  at  which  to  aim. 

The  recommendations  fall  under  five  heads:  - 

a.  The  obtaining  and  dissemination  of  information  on 
which  control  measures  msy  be  based. 

b.  Regulations  and. manuals  covering  at  le«st  the  basic 
items  in  the  supervision  end  performance  of  pest  con- 

•  trol  operations. 

c.  Means  of  obtaining  the  most  effective  actual  operations 
against  insects  end  rodents. 

d.  3peclf ica. tlons  aimed  toward  obtaining  certain  sorts 
of  raw  and  processed  foods,  as  nearly  as  possible 

free  of  infestation  when  delivered  to  the  Qua rterma star 
Corps. 

e.  Means  of  testing,  both  in  the  laboratory  and  in  the 
field,  the  efficiency  of  such  substances  and  methods 
as  may  be  proposed  for  nest  control,  as  well  as  the 
determination  of  the  possibilities  of  insect  Attack 
on  newly  proposed  or  invented  materials,  such  as 
synthetics.  As  a  corollary,  there  is  included  the 
testing  of  substances  applied  as  preventatlves  against 
other  conditions,  such  as  mildew  pnd  rot. 

6a.  Conclusions 

Although  every  separate  fact  already  mentioned  is  in  the  nature. 
>f  a  conclusion,  I  here  bring  together  n  certain  number  of  general  state¬ 
ments,  most  of. which  have  not  been  previously  made  in  this  report. 

6nl.  The  Appendix  to  the  report  lists  About  IO50  species  of 
Insects  and  nltes  which  either  are  known  to  drnage  materials  of  interest 
to  the  Qurrtornaster  Corps,  or  very  similar  substances,  or  have  been 
found  in  bylldlngs  and  are  related  to  destructive  insects.  Only  a  very 
few  species  are  included  which. one  would  assume  n  Priori  to  be  merely 
scavengers.  These  organisms  are  distributed  amongst  thirteen  order?  as 
shown  in  the  table  on  page  167.  Of  those  species,  I03  are  cosmopolitan, 

64  noro  arc  widespread,  And  another  42  occur  throughout  the  tropics.  We 
night  think  of  these  209  species  as  constituting  the  standing  army  of 
pests.  The  remaining,  more  than  600  species,  being  in  the  nature  of  loc«! 
militia. 


6a2.  The  most  Important  natural  groups  of  insects  are: 
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-o  ~  materials  discussed  In  Section  2  are  divided  into 

y2  groups,  of  which  only  the  following  S  show  more  than  60  specie s  of 
nests  each :  1 
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.  ^  b5  fJGn  that  the  beetleG  on  tJie  whole  maintain  their  predominance 

in  each  of  these  groups.  Only  in  the  case  of  fresh  meat  do  thn  flies 

ancVnly  ln  th0  caso  of  buildings  do  the  ants 
hallenge  the  beetles.  It  will  be  seen  also  that  each  of  the  main 
: rouns  01  materials  la  represented  except  the  metals. 

6a4,  As  has  been  shown  ln  Section  2,  a  careful  examlnnti nn  nt 

iamage  alone  Jill  often  give  a  good  Indication  of  the  causative  orran?sm 

P|J£Gr»  t°xtlles>  or  wood,  but  much  more  rarely  in  the  case 
of  foodstuffs.  The  ultimate  diagnosis  has  always  to  rest  on  finding  the 

1?n6  few  favpred  localities  whore  the  total  fauna 
of  Insects  Is  sufficiently  wall  known,  a  situation  which  we  might  con¬ 
sider  as  never. true  in  the  tropics.  *  n 

6a5.  The  general  group  (order)  to  which  a  nest  insect  (mature 
Dr  lnrmturc)  belongs  Is  readily  determined,  but  to  go  further  often 
requires  special  equipment.  It  is  true  that  in  the  north  temperate  rone 
o  considerable  number  of  nest,  sneers  have  "catch"  characters.  It  is 
orobabie  that  some  of  these  characters  might  also  work  In  the  tropics 
but  it  Is  unsafe  to  assune  so.  •  ”1CB, 


two  heads: 


6a6.  Protection  of  food.  The  protection  of  food  falls  under 


.  ,  Q*  Protection  against  food  nests  proper,  that  Is 

those  Pr- at s  whose  prlna.y  interest  Is  ln  the  foodstuff,  itself  A’preat 
deal  of  attention  has  been  given  to  the  origin  of  Insects  occurring 'in 
packages  of  dried  foodstuffs,  3uch  as  raisins  or  cereal  products.  In 
many  instances  It  has  been  possible  to  show  that  the  insects  did* not 
invade  the  materials  after  packaging  but  were  sealed  up  wUh  them  perhaps 
nly  as  eggs.  Therefore,  the  infestation  must  have  begun  "before  the 
material  was  finally  packaged.  *  ore  Lne 


The  following  procedures  should  diminish  the  incidence 
of  such  infestation: 

1.  Selection  of  stork.  The  material  to  be  packaged 
should  not  only  be  reasonably  free  from  evidences  of  Insect  damage  but 
should,  as  far  as  possible,  be  free  of  insects  themselves.  There  are 
various  methods  of  accomplishing  this  other  than  inspection.  If  the 
material  is  relatively  undamaged  but  does  contain  a  few  Insects,  it  may 
be  gassed  with  one  or  another  fumigant,  the  choice  of  which  depends  on 
the  type  of  material,  or  it  may  be' heated  to  a  temperature  and  for  a 
tine  sufficient  tq>  kill  all  stages  of. insects  within  it, 

2.  Good  Housekeeping.  Once  the  material  comes  into  the 
processing  plant  every  effort  should  be  made  to  see  that  it  is  kept  free 
from  further  Insect  infestation.  This  is  to  a  large  extent  a  matter  of 
cleanliness.  Bits  of  material  should  not  be  allowed  to  stay  about  in 
cracks  or  corners  «here  It  is  possible  for  insects  to  breed,  nor  should 
bins  or  other  containers  be  used  so  continuously  as  to  prevent  thorough 
cleaning  at  regular  end  moderate  intervals.  By  thorough  cleaning  we 
mean  not  alone  the  sweeping  out  of  the  evident  fragments  of  materlala 
b”t  the  sterilization  of  the  inside  of  the  bins,  preferably  with  live 
steam. 


3.  Control.  It  is  probably  inevitable  that  a  few  insects 
will  get  into  a  processing  plant  and  find  some  way  of  maintaining  them¬ 
selves.  The  speed  with  which  an  Insect  population  increases  in  a  bin 

or  a  food  package  is  more  dependent  upon  the  number  of  insects  present 
than  upon  the  fecundity  of  the  individual  Insects.  It  is,  therefore, 
important  that  measures  be  taken  to  see  that  an  insect  population  is’ not 
allowed  to  build  up  In  a  plant,  and  aside  from  good  housekeeping  this  me* 
well  involve  recrular  or  occasional  fumigation  of  the  plant.  The  interval 
can  be  determined  only  by  proper  Inspection.  In  the  case  of  certain  moth* 
this  can  be  done  by  trapping.  Then  If  the  number  trooped  per  rises 

to  n  certain  level,  dependent  somewhat  upon  season  and  ereocrrsphic 
location,  fumigation  should  be  undertaken. 

4.  When  the  materiel  has  been  finally  packaged  and  sealed 
unless  it  1 8  certain  that  it  is  free  from  insects  or  any  of  their  stages 
it  would  be  best  to  submit  It  to  a  final  heatinp  treatment  to  kill  any  ’ 
Insects  which  are  still  in  it. 

It  1 8  unfortunately  true  that  storage  at  low  temperature^ 
is  not  an  adequate  guarantee  of  freedom  from  insects.  Generally  soeaklw 
the  temperature  and  time  required  to  kill  insects  by  refrigeration  are 
beyond  those  usually  feasible. 

It  win  be  seen  that  the  effect  of  these  procedures  upon 
the  nutritive  value  of  the  food  is  rather  different.  Obviously 
prevention  o£  infestation  by  proper  handling  of  food  and  proper  con¬ 
struction  of  processing  Plante  and  so  forth,  cannot  detract  from  the 
nutritive  value,  but  it  is  equally  evident  that  unnecessary  heating  of 
food,  especially  with  exposure  to  air,  ca.n  hardly  fail  to  affect  at  least 
(  the  vitamin  content  and  possibly  the  composition  of  fats  or  oils  «»hlch 
may  be  present.  I  have  not  found  any  clear  statements  os  yc-t  of  the 
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effect  of  fumigants  on  the  nutritive  value  of  foods;  it  Is  not  incon¬ 
ceivable  that  they  might  have  some  effect,  quite  aside  from  any  oolson- 
ing  due  to  retention  of  the  fumigant. 

b.  Protection  of  food  packages  against  known  food  rests 

This  is  a  rroblem  which  has  been  of  considerable  con¬ 
cern  to  the  Corps  for  several  months  at  least,  and  to  which  I  have  given 
a  <rood  deal  of  thought,  but  I  regret  that  I  am  yet  unable  to  rrorose 
the  rerfect  package.  Much  depends  on  what  one  desires  to  orotect  a 
package  aeainst.  A  merely  tight  package  of  heavy  rarer,  for  example, 
will  for  the  most  rart,  under  dry  conditions,  rrotect  against  a  con-  - 
siderable  assemblage  of  food  Insects.  Aside  from  a  few  beetles,  it  is 
corararatively  easy  to  construct  a  rack age  which  is  proof  against  invasion 
by  food  Insects.  It  is  very  much  more  troublesome  to  rrotect  against 
rodents  or  termites.  In  the  case  of  rodents  it  seems  unlikely  that  any¬ 
thing  except  metal,  and  hard  metal  at  that,  would  be  completely  pro¬ 
tective.  So  far  as  damage  to  the  r^ckage,  itself,  is  concerned,  most 
insects  can  be  kert  out  by  multi-wall  asrhalt  laminated  rarer.  How¬ 
ever,  investigation  in  the  southern  United  States  on  the  rackaging  of 
rice  indicated  that  such  multi-wall  bags,  when  the  stitching  was  covered 
with  heavy  gummed  rarer,  afforded  protection  for  ten  months  in  storap-e 
against  everything  except  tennitea.  I  have  not  had  penetration  by  the 
eastern  subterranean  termite  of  a  variety  of  rarer  containing  asrhalt 
and  fine  cand,  but  I  have  had  some  injury  to  the  asrhalt  layer.  I  can¬ 
not,  therefore,  recommend  such  rarer  unreservedly  against  the  much  more 
powerful  termites  of  the  tropics.  The  examinations  which  I  hove  already 
made  on  certain  treated  textiles  indicate  the  possibility  that  the 
impregnation  of  the  outer  one  or  two  layers  of  paper  with  some  material 
such  as  copper  narhthonate  or  orthorhenylrhenol  mijrht  improve  the 
resistance  of  such  materials.  This  fitill  does  not  solve  the  rroblem  of 
box$s  and  crates  which,  unless  they  be  etored  on  termite-rrotectlve 
racks,  are  certain  to  be  attacked  unless  the  wood  is  treated  in  some 
way.  Even  when  so  stored,  they  would  rrobpbly  be  somewhat  susceptible 
to  attack  by  w0od-boring  beetles. 

Very  recently  the  Forest  Research  Institute  at  Dehra 
Dun,  India,  has  published  two  leaflets,  24  and  26,  dealing  with  the  con¬ 
struction  of  plywood  containers;  these  leaflets  I  have  not  seen.  If 
such  plywood  containers  could  be  made  resistant  to  insects,  as  by  the 
incorporation  of  insect- resistant  plastics  or  by  chemical  treatment,  the 
containers  might  be  quite  useful. 

6a7.  Protection  of  Equipment  and  Supplies 

Protection  of  such  materials  depends  on  two  factors: 

r.  Storage.  I  have  already  discussed  to  a  considerable 
extent  the  construction  of  buildings  reasonably  immune  to  and  unattractive 
to  insects.  Other  methods  in  use  are  ^ell  known,  such  as  cold  and  in  the 
case  of  textiles,  the  use  of  closed  containers  and  ro rad i chi o robe n z<° ne , 
Such  methods  are  naturally  satisfactory  ur  to  the  point  where  the  equip¬ 
ment  comes  into  use.  Its  further  protection  will  have  to  depend  on  - 


b.  Insect  proofing',  or  the  use  of  materials  "hlch  p re  i 
themselves  inedible.  I  have  discussed  above  the  problems  of  insect 
proofing  and  listed  some  of  the  materials  which  have  the  best  reputation 
the  substitution  of  per  se  inedible  materials;  unfortunately,  relatively 
few  of  the  possible  materials  such  as  synthetic  fibres  or  plastic  sub¬ 
stitutes  for  leather  have  been  tested  at  all  to  determine  the  effect  of 
insects  upon  them. 

6a6.  Materials  of  Construction. 

There  are  evidently  three  ’»'ays  in  which  buildings  and 
materials  used  in. them  can  be  protected  against  Insect  attack. 

a.  Structural  methods,  that  is,  the  design  of  storage 
places  and  of  buildings  so  that  they  cannot  be 
reached  by  insects  or  other  pests. 

b.  Chemical  methods;  the  treatment  of  the  materials 
with  repellent  or  poisonous  substances,  and 

c.  Environmental  methods;  the  storage  of  timber  und^r- 
conditions  relatively  unfavorable  to  insect  attack, 
tho  clearing  of  ground  or  its  treatment  with  poison¬ 
ous  or  repellent  substances  so  that  pests  tend  not 
to  approach  buildings. 

Wood  attacking  insects  are  found  almost  all  over  the  w0r!4 
there  being  one  report  even  from  Alaska,  but  there  are  only  "  few  region: 
in  which  they  are  at  all  numerous  and  well  known.  The  number  of  species 
involved  in  some  of  these  regions  is  shown  in  the  table.  It  is  probable 
however,  that  similar  numbers  of  species  occur  in  all  regions  adjacent 
to  those  noted  in  the  table  except  that  the  number  will  be  -^wer  on 
islands  than  on  mainlands.  There  arc  a  few  regions  about  which  11- tie 
is  known  where  peculiar  attack  is  to  be  anticipated.  One  of  thesp  is 
New  Zealand.  In  most  parts  of  the  world  there  pre  p  very  few  wood  borlnt 
true  weevils  and  these  weevils  are  all  rather  closely  related,  and  sur¬ 
prisingly  enough,  particularly  numerous  in  New  Zealand,  (170  srecies) 
and  Hawaii,  (110)  as  compared  with  66  for  the  whole  of  Australia. 
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5a9.  Metals 

It  is  evident  from  «hpt  has  already  been  said  that  the 
protective  effect  of  metals  resides  almost  entirely  in  the  physical 
character  of  the  metal,  n<?t  In  its  chemical  properties.  If  a  metal  is 
1  soft  enough  it  will  be  penetrated  by  Insects,  and  conversely,  really  h»rc 
metals  are  not  penetrated.  It  would  appear  that  the  chemical  contact  of 
pests  with  metals  is  not  so  Intimate  A3  to  cause  either  poisoning  or 
repulsion. 


3  72 


I 

I 

6alO.  Buildings  and  Storage  Places 


It  Is  possible  to  so  design  and  construct  buildings  and 
storage  places  that  their  Invasion,  either  in  respect  of  the  structure 
or  its  contents,  by  nests  is  reduced  to  a  minimum.  So  far  as  the  con¬ 
tents  are  concerned,  this  Involves,  to  a  great  extent,  the  elimination 
of  unnecessary  openings,  the  elimination  of  harborages,  and  the  Pro¬ 
tection  of  necessary  openings.  It  must  not  be  overlooked  that  while 
modern  concrete  buildings  are,  to  a  very  considerable  extent,  rat  proof 
they  may  be  turned  over  to  the  users  already  provided  with  rats  which  ' 
have  invaded  the  buildings  in  the  course  of  construction,  and  it  is 
fairly  customary  now  to  have  a  building  fumigated  or  otherwise  treated 
for  rats  before  it  is  turned  over  to  the  owners. 

6all,  Poisons 


There  are  obviously  a  considerable  number  of  poisonous 
substances. which  will  in  any  event  kill  any  insect  that  we  know  of  but 
other  circumstances  than  the  mere  presence  of  an  insect  govern  the’choic- 
of  poisons.  Furthermore,  the  effective  use  of  one  poison  will  not  be' 
so  readily  obtained  as  the  effective  use  perhaps  of  some  other  poison. 
Under  the  recommendations,  I  shall  have  something  to  say  about  methods 
of  obtaining  effective  use.  We  must,  therefore,  have  some  criteria  for 
choice  of  poisons.  In  the  discussion  of  poisons  I  have  made  some  conmen 
on  the  hazards  in  certain  cas^s,  and  upon  safety  measures  which  can  be 
employed.  I  shall  later  make  some  further  recommendations  along  this 
same  line.  There  also  will  be  found  some  remarks  on  the  relative  officer 
of  various  poisons  against  particular  groups  of  animals. 


We  may  point  but  here  that  the  criteria  of  choice  lnvolv- 
not  only  the  efficacy  of  the  poison  in  connection  with  a  given  method  of 
application  to  the  pest  in  question,  but  as  well,  the  disturbance  of  use 
of  the  building  which  is  Involved,  and  finally  the  toxicity  to  men.  The 
effective  use  of  poisons  requires  that,  on  the  whole,  this  third  point 
Sv?  it  ^  subordinated,  that  is,  that  such  precautions  as  are  necessary 
shall  be  taken  to  prevent  poisoning  of  personnel.  If,  on  the  other  hand 
toxicity  to  man  is  placed  first,  then  we  are  committed  for  the  most  part 
to  relatively  weak  poisons  or  to  substances  difficult  to  obtain  and  in 
some  cases,  very  inefficient.  ' 


6al2.  General  Procedures 


I  W111  present  here  some  conclusions  in  regard  to  the 
applicability  of  heat  and  moisture  in  the  control  of  Insects. 

1.  Practically  all  insects  and  arachnids  can  be  killed 
by  exposure  to  a  temperature  of  l6o°F  for  20  minutes.  Many  insects  can 
be  killed  at  even  lower  temperatures  and  generally  speaking  greater  time 

?iioW£  a  low?r  temperature,  but  in  no  case  should  a  temperature  below 
lc-0  u6  considered  fnto.1*  Allowance  must!  rlso  be  np.de  for  the  tine 
required  to  bring  the  material  up  to  the  requisite  temperature.  In  some 
cases  this  is  a  matter  of  hours. 
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2.  Storage  of  materials  at  a' temperature  not  above  50°F 
will  normally  result  in  preventing  an  Increase  in  insects  present.  Unless 
the  temperatures  are  very  much  below  this,  rapid  killlncr  is  not  to  be 
expected. 

3.  There  are  not  very  many  records  dealing  with  the 
minimum  moisture  required  in  the  food.  The  scan  of  those  available  is 
from  6  to  10  per  cent.  It  should  be  noted,  not  only  that  most  of  the 
reports  are  8  per  cent  and  below,  but  also  that  this  moisture  content  is 
considerably  less  than  that  ordinarily  encountered  in  so-called  dried 
products. 


6al3.  The  Mammals 


For  obvious  reasons  of  size,  the  mammals  are  for  the 
most  part  handled  by  methods  which  are  not  applicable  to  Insects.  They 
must  be  attacked  by  specially  prepared  and  oiaced  belts,  or  with  traps 
in  the  case  of  rodents.  Construction  of  buildings  is  of  Primary  import¬ 
ance  if. they  are  to  be  maintained  free  of  rodents. 

6b.  Recommendations. 

6bl.  Obtaining  end  Dissemination  of  information  on  which 
control  measures  may  be  based. 


It  appears  to  me  essential  that  there  should  be  some  way 
in  which  the  problems  confronting  officers  in  the  field  can  be  brought  tc 
the  attention. of  specialists  and  in  which  the  information  obtained  from 
the  specialists  can  be  put  into  a  form  usable  by  the  officers  and  con¬ 
veyed  to  them.  Such  procedures,  of  course,  involve  certain  difficulties 
In  the  first  place,  relatively  few  officers  in  the  field  can  be  expected 
to  have  more  than  a  lay  knowledge  of  zoology,  or  to  have  any  special 
knowledge  of  how  the  material  should  be  preserved  for  shipment.  In 
addition,  there  may  be,  naturally  problems  of  transportation  of  any 
material  which  might  be  collected;  however,  I  feel  very  strongly  that 
definite  effort  should  be  made  to  get  back  from  the  field  all  lnforraetior 
end  specimens  that  bear  on  the  pest  control  problems  being  encountered 
This  will  Involve,  of  course,  the  preparation  of  the  necessary  instruc¬ 
tions  to  officers  and  it  rill  involve  also  the  setting  up  of  one  of  two 
mechanisms  in  thl?  country  for  hanallng  the  material. 


a.  The  directions  for  collection,  preservation  and 
ment  of  specimens  may  be  taken  up  under  four  items. 


ship- 


1.  Collection 
Preservation 

3.  Shipment 

4.  Data  and  Labels 
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exact  means  of  laying  hold  of 
nart  on  the  habits  of  the  inject, 
be  kicked  out  of  the  Infested 


oalr  of  forceos. 
malting  until  one 


Certain  actively 
alights  end  then 
the  Insect.  Thif 
thumb  or  finder. 


of  a  vial 


1.  Collection.  The 
specimens  of  nest  Insects  depends  In 
In  many  cases  the  Insects  may  nerel,r 
materials  with  the  fingers  or  with  a 
flying  forms  may  be  best  obtained  by  .aUin 
placing  the  open  mouth  of  a  dry  2-  or  h-dram  vial  over 

Th^vini^0*17  11£ted, and  thc  opening  closed  with  the 
The  vial  then  can  be  placed,  mouth  down,  over  the  ooen 

°£  fluld:  Tho  insect  will  either  then  drop 

r  can  be  shaken  into  it.  If  the  opnortunity  offers  v.  ,, 
be  orepare d,  utilizing  chloroform  or  carbon  tetrachloride 

carbeSefi8™?va^>vbdnt  ^t6rlal  13  "laced  ln  theabottom  of  the  vial 
packed  cotton,  unon  which  a  niece  of  falrlv 

}Rr^r  internal  diameter  of  Le  vial  is forced 

f  lf  -  “  ^a„rt0r1in°?  °£  nlR9t^'  <*  P«rls  "oured  in  and  nUoka 
few  dioi/^™  nn  excellent  absorbent  plug  in  the  bottom  of  the 
0±  crrb°n  tetrachloride  nlsced  In  this 
?n£tlce  or  killing  over  a  nerlod.  of  from  one  to 
last  anniysia  the  collection  of  Insect  sneclmens 
to  the  ingenuity  of  the  collector. 


i,  riiouufi  down,  over  the  ooen  mouth 
Insect  will  either  then  droD  Into  the  fluid 
If  the  opnortunity  offers,  killing  vials  can 

For  this 

Thi 

oaner, 
to 

.vial.  A 
absorbent  material  w-m 
several  hours.  In  the 
is  often  a  challenge 


securing  Pre se rvp. ti on .  Since  we  ore  concerned  nrlmnrily  »i  +h 

nlce^sa'rllv^  ,  .  3ultpble  f°r  lflcntlf lcntlon  but  not 

the 

ToL ts?rcngth1be8tektcS„e70e^an95“e?Ocant',flyT?ed,>r<! 8e™d  ln 

e^ryofs^LsTfS?;?8’  be 


rish  of  breakage  unless  s^  cl^To^  cautions °are \VcV t^Tn 
oJnced’i^^f0”’  he  r, reserved  dry,  such  specimens  when  dead'b™£ 

in  fine  sawdust' e8  r^esn^both  ?n»fTfuliy  rcd  ""y1 

eortalnly^e'^wort^trylng?0  °  r  n”  1  86  "  ^  £,m8" 


for  shipment 
the  cork  is  _ 
that  might  be 


bv  filllniT)th^tv1nyl,5l8  °f  n8PPclniens  ln  alcohol  are  nre™rcc 
lnallvlnqp^L  1  nearly  to  the  ton  ns  nosslble  before 

lnally  lnseited.  The  same  also  holds  true  of  anv  bottles 

used  for  larger  specimens.  It  is  assumed  at  this  °,mt 
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that  the  necessary  label  has  been  placed  within  the  vial  or  bottle 
(see  beyond).  Screw  cans  are  not  advisable  as  a  method  oi  closure;  they 
are  almost  certain  to  leak.  The  only  way  that  I  know  to  make  one  ;ight 
is  to  fill  the  screw  cap  half  full  of  molten  paraffin,  and  .lust  before 
the  paraffin  Is  thoroughly  hard,  to  screw  the  can  tightly on  to  the 
container.  Smoothly  cut  plugs  of  soft  wood,  can  be  used  In  n  ace  of  corks; 
but  care  must  be  exercised  not  to  burst  the  mouth  oi  the  vial  or  bottle. 

It  is  always  advisable  to  tie  down  the  cork.  This  can  be  done  most 
readily  by  the  use  of  adhesive  taoe. 

In  sacking  glass  containers  for  shipment,  It  is  necessary 
to  make  sure  that  glass  never  comes  in  contact  with  glass,  ^ach  bottle 
or  vial  therefore,  is  wrapped  in  several  thicknesses  of  any  sort  of 
oaner.  ’The  vials  are  placed  in  the  center  of  the  box,  completely 
tected  from  the  walls,  too,  and  bottom  by  any  sort  of  firm  but  resilien, 
oacking  material,  crushed  paper  or  excelsior  for  preference.  Specimens 
of  moths  in  envelopes  may  be  out  in  a  small  paper  box  and  that  in  turn 
packed  within  a  larger  box,  the  same  way  as  a  group  of  bottles. 

Dry  cotton  is  an  extremely  destructive  material  to  have 
in  contact  with  Insects.  If  it  is  necessary  to  pack  dried  Insects  in 
cotton  they  must  always  be  separated  from  it  by  a  _ayer  Oi  soft  paper, 
such  as  toilet  ortoer.  It  is  always  necessary  to  make  sure  that  such 
specimens  are  sufficiently  firmly  packed  so  that  they  cannot  move  during 
shipment.  It  is  less  dangerous  to  use  wads  of  cotton  as  a  packing 
material  in  vials  of  insects. 

4  Data  and  Labels.  It  is  absolutely  essential  that  all 
specimens  be  accompanied  by  adequate  Information.  In  many  instances  thlt 
may  be  too  bulky  to  put  on  the  label  that  goes  within  the  vial  or  bottle. 

In  that  cese  n  certain  minimum  must  go  with  the  specimen  tsolf. 
should  include  the  locality  at  which  the  specimen  was  collected,  the 
date  the  collector's  initials  or  name  (in  this  case,  -he  collector 
moans  the  person  responsible  for  the  sending  of  the  material,  not  neces¬ 
sarily  the  person  who  happened  to  pick  up  the  insect),  and  some  sort  of 
serial  number  which  can  bo  connected  with  further  information  sent 

separately . 

Labels  should  be  written  on  a  decent  grade  of  writing 
paper  or  typewriting  paper  ' in  pencil,  with  some  pressure.  (Ink  labels 
are  totally  unsatisfactory! .  The  size  of  the  -obei  shou^a  admit  both 
of  it 3  being  inserted  readily  into  the  vial,  and  w-elng  readily  extr  cted 

from  the  vial. 

Further  data,  ns  far  as  possible,  should  include  any 
observations  as  to  the  material  damaged,  the  kind  of  damage,  and  the 
hnblts  of  the  Insects.  It  Is  even  lnoortnnt  lr.  ninny  c«sos  to  know  »heth^ 
the  Insects  nre  active  by  any  or  by  night.  The  nore  flotnll  '»hlch  Is  oro 
vlded  the  better  will  be  our  understanding  of  the  inseev  and  what  to 
do  about  it.  As  a  matter  of  information,  any  native  name  of  the  Insect 
is  always  useful,  and  also  any  information  which  natives  are  able  to  eive. 
about  means  of  control,  because  this  can  be  sometimes  modified  for  our 

own  use. 
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b.  Identification  and  Dissemination  of  Information 

There  are  two  somewhat  different  ”'oys  in  which  material 

I  could  be  handled  for  study. 

(1)  All  the  work  could  be  done  within  the  United  3tates 
in  which  case,  I  would  recommend  that  a  corace  tent  zoologist  with  some 
experience  in  problems  of  nest  control  and  the  identification  of  Insects 
be  selected  to  head  uo  the  work.  It  is  not  expected  that  all  of  the 

(actual  work  would  be  done  by  this  one  person,  although  he  might  do  a  pood 
deal  of  it,  but  it  should  be  understood  that  he  could  submit  any  material 
to  specialists  in  more  limited  fields  for  their  views  and  recommendations 
and  their  replies  would  come  to  him.  It  would. be  the  duty  then  of  the 
zoologist  to  rework  these  reoorts  of  specialists  into  a  form  in  which 
they  would  be  of  the  greatest  use  in  the  field.  Obviously  this  would 
in  many  Instances  demand  that  the  reports  be  translated  out  of  scientific 
Jargon  into  plain  English.  Having  prepared  the  information,  then  it 
would  bo  forwarded  through  the  office  of  the  Quartermaster  General,  not 
only  to  the  officer  with  whom  the  problem  originated,  but  preferably 
to  all  Quartermaster  officers  in  the  appropriate  geographical  areas. 

(2)  An  extension  of  this  procedure  which  would  make  it 
more  valuable,  would  be  to  make  provision  for  actual  visits  by  the  man 
in  charge  of  the  program  to  any  area  in  which  serious  problems  were 
being  encountered.  He  would  then  have  the  opportunity  to  make  first 
class  collections  in  the  field  and  could,  in’  all  probability,  make  at 
least  preliminary  recommendations  on  the  spot. 

Either  of  these  procedures  presupposes  that  full 
reports,  in  detail,  of  actual  conditions  should  come  back  to  this  countr: 
without  unnecessary  Interference  by  censors. 

The  distinction  in  value  between  the  two  methods  JusT 
given  resides  in  the  present  difference  between  the  consideration  of 
strictly  physical  or  chemical  phenomena  and  biological  phenomena.  In 
dealing  with  physical  and  chemical  problems  it  is 'ordinarily  possible 
both  to  find  personnel  competent  to  record  the  phenomena  and  to  record 
them  in  such  terms  that  the  conditions  can  be  duplicated  elsewhere.  In 
dealing  with  biological  phenomena,  on  the  other  hand,  not  only  are  the 
chances  very  much  against  the  presence  of  personnel  competent  to  record 
then,  but  in  addition,  it  is  often  impossible  to  duplicate  properly  the 
conditions,  which  are  very  complex  and  often  not  measurable  by  available 
methods,  elsewhere.  Consequently,  n  technically  trained  person  on  the 
spot  will  be  able  to  make  n  better  analysis  and  acquire  far  more  informa¬ 
tion  than  can,  at  the  present  time,  be  put  down  on  paper  in  usable  form 
by  relatively .untrained  persons. 

6b2.  Regulations  and  Manuals 

It  is  strongly  urged  that  regulations  and  manuals  be 
prepared  covering  at  least  the  basic  items  in  the  performance  and  super¬ 
vision  of  p^st  control  operations.  Du?  to  the  considerable  number  of 
decisions  which  nujt  be  made,  based  on  particular  military  considerations 


with  regard  to  the  contents  of  manuals,  I  shall  not  attempt  here  to  go 
Into  a  great  deal  of  detail. 

It  is  evident  that  the  choices  to  be  made  as  to  methods 
involve  the  question  of  ef fectiveneas  of  one  method  as  compared  to 
another,  and  so  far  as  most  control  methods  go,  there  is  little 
experience  with  then  In  the  tropics.  To  begin  with,  decisions  would 
have  to  be  based  for  the  most  part  on  temperate  zone  experience;  how¬ 
ever,  it  cannot  be  anticipated  now  that  there  would  be  very  marked 
differences  in  effectiveness.  It  is  also  evident  that  as  a  practical 
natter  there  should  be  a  minimum  number  of  procedures  or  formulae 
selected  for  the  control  of  a  particular  type  of  infestation,  "n 
addition,  there  is  the  very  important  question  of  safety  involved  in 
the  use  of  any  control  method  employing  poisons.  The  last  problem  is 
that  of  the  training  of  personnel. 

The  selection  of  methods  to  be  used  under  particular 
conditions  requires  a  consideration  of  the  availability  of  materials 
and  of  transport  and  issuance  of  materials.  It  may  be  advisable 
ultimately  to  divide  the  methods  into  two  categories:  (1)  those  methods 
which  can  be  employed  at  established  bases  where  the  problems  of  local 
transport  and  storage  are  less  acute,  and  (2)  those  methods  which  can 
be  used  in  the  field  where  it. is  obviously  desirable  to  transport  the 
smallest  possible  bulk  of  material  and  to  depend  as  far  ns  possible 
upon  locally  obtainable  items. 

In  spite  of  the  remarks  made  in  the  first  paragraph 
above,  I  will  out  down  a  general  outline  of  the  Table  of  Contents  for 
a  pest  control  manual.  It  should  be  stressed  that  any  such  manual  shoul' 
recommend  rather  than  specify.  In  other  words,  no  needless  restrictions 
should  be  placed  on  the  intelligence  and  ingenuity  of  the  men  on  the 
spot.  Precise  mo th ode,  , intervals  of  application,  and  quantity  of 
materials  are  too  much  dependent  upon  local  conditions  to  be  embodied 
in  official  regulations. 

Suggested  Table  of  Contents  for  a  Post  Control  Manual 

Af  The  recognition  of  the  main  groups  of  insects  and  their 
work,  wlth  a  brief  notation  of  thQ  habits  and  distribution 

B.  Methods  of  control  arranged  under 

(1)  The  materials  infested. 

(2)  Groups  of  insects. 

(3)  Rodent  control, 

C.  Methods  of  construction  of  buildings  and  supply  duaps  «nd 
arrangement  of  their  contents  for  the  Prevention  and  con¬ 
trol  of  insect  and  rodent  attack. 

D.  Regulations  and  safety  procedures  relative  to  control 
methods  and  control  equipment. 

The  regulations  should  specify  the  precautions  to  be  taken 
in  the  use,  handling,  and  storage  of  poisons,  the  personnel  to  "’hom 
poisons  may  be  issued  and  the  qualifications  of  the  personnel  who  are 
competent  t.o  use  poisons  or  to  supervise  their  use. 
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^  _  Xt  should  be  noted  that  Item  C  would  to  popip  Pyte„t 

affect  the  specifications  of  construction  s^t  down* in  the  f'^iptlne' 
Quartermaster  manual  on  the  subject,  and  nresumably  some  of  the 

?u,\the  2*Bn*eB  Involved  -Sold  be  for  the  noeT n°rt  Shenwa '  of 
o*«S.  ’  ™  thnn  reSChlntr  ChSnf;e8  ln  ^"ctuJnl  St. 

Suggested  Regulations  with  Regard  to  the  Use  of  P-st 

Control  Materials 

1.  Regulations  on  fumigation. 

equloood  with  gas  ms  sks^o^vo  d°  by6  t^TV ‘’sura^l  Eftf"  Tm^ 
h-ve  been  orooerly  tested  before  beginning  wirk  on  eech  JoS  * 

» ...  j) _ .  .  5*  fumigating  crew's  to  be  required  to  ennrv  to 

necessity  "”rnlr,(T  sl?n8  1°<*8  or  other  safety  devices  as 


the  sene  to  take  niece  with™  24 ^  hours  end  In  no  even t  sheU TZ  f  °t  a 

Jnc?,‘idfhreOOOU',leav,rlihOUt  fln  f!-hnur  ventilation  perio?  Thu  doeTJot 

include  burrows  or  harborages  In  the  soil  of  rets,  mice,  ants,  testes! 
unless  the  entire  structure' 'be' vacate  d?tl0n  °f  Pny  bull<Jln*  to  bp  eUo*e<j 

outside  the  funlgnted  st?r,!c%C.areJlMrtnnKThc°e"t^r^ri8odalf  4”ty 

of  fumigation  until  It  Is  safe  for  aTexoer^cel  ?u£oatn?7 
without  ransk.  All  doors  end  nccesslble  windows  should  be  locVed^ne 
warning  signs  pieced  on  nil  entrances  before  the  fumigant  is  released. 


including  milk, 
bottles 


t;._A1Lf!!B?y  °r  d?nri  foodstuffs  ere  to  be  removed 


butter,  green  vegetables,  moat 


of  liquids,  el  so  undeveloped  film  "n'ne  e^s0^3*otSnft  'mcorkp" 

*■*■*•«  domestic  animals?1"  Mn^rlni 
moved. 


- - .ww,  J.  a.  J.J.VA11K,  yn 

ln  sealed  bottles  or  cans  need  not  be 


sresw  g&K'sssjv&st  sjs.rsxsn&r 

fumigant  to  the  Intend^soa™ 'ena'  the'oraw  £*K‘'%;n*',b?,1£giZ?0?'e 

determine  that  no  person  or  domestic  animal  remains  in’ the 

before  the  fumigant. is  released  end  the  nnefexu  Is  mede.  ^ 


tlon  Job,  both  at 
ventilation.  All 


0  ov  ^nore  experienced  men  to  be  on  every  fumijea- 

inhc^t"!  yH*  relea®ln5  fumigant  and  at  time  of  berinnlnr 
Jobs  to  be  supervised  by  an  experienced  fumipator. 
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10.  Notification  of  tine  end  place  of  fumigation  shall 
be  made  to  local  officers  In  charge,  Quartermaster  Corns.  Sanitary  Corns, 
and  Military  Police. 

11.  All  bedding,  upholstered  material,  woolens,  and  fur.*> 
should  be  placed  especially  for  easy  penetration  by  funigant  and  venti¬ 
lation.  It  Is  recommended  that  heat  and  fans  be  used  «’here  feasible  to 
assist  ventilation. 


12.  The  officer  in  charge  of  the  building  or  of  each 
section  of  the  building  shall  be  notified.  In  writing  of  the  time  to 
vacate  the  premises  and  when  reentry  may  be  expected.  A  cony  of  the 
notice  should  be  posted  in  the  building. 

13.  Each  crew  should  have  on  the  Job  such  safety  kit  ai> 
may  be  approved  and  Issued  by  competent  authority  and  shall  be  ndequetel; 
lnstructed  in  its  use,  and  in  first  aid,  Test  papers  and  color  chart 
for  cyanide  detection  will  also  be  provided. 

14.  No  person  will  be  permitted  to  enter  the  fumigated 
premises  before  the  fumigator  has  satisfied  himself  by  personal  inspec¬ 
tion  without  a  gas  mask  that  it  is  safe  for  reoccupancy. 

15.  All  equipment,  warning  signs,  end  gas  masks  shall 
be  of  tynes  approved  by  competent  authority. 

16.  An  extra  gas  mask  ^nd  canister  shall  be  nyailPble 
on  all  Jobs.  Military  gas  masks  are  not  protective. 

2.  Regulations  on  other  poisons. 

a.  It  is  strongly  recommended  that  all  powdered  poison* 
should  be  colored.  The  current  practice  of  those  divisions  of  govern¬ 
ment  which  have  made  regulations  in  this  country  is  to  require  that 
sodium  fluoride  be  colored  r  distinct  light  blue  or  light  preen.  The 
usual  practice  is  to  add  nlle  blue  sulphate.  Where  pyrethrum  pnd  fluorlde. 
are  mixed,  nlle  blue  sulphate  yields  a  greenish  color.  Generally 
speaking,  no  other  powdered  poison  is  readily  available  to  the  public 
for  insecticidal  purposes,  and  consequently,  regulations  in  regard  to 
their  coloring  are  not  extant.  In  ny  personal  opinion  it  is  not  of  grpni 
consequence  to  attempt  to  color  different  poisons  differently.  It  would 
be  far  better  that  personnel  should  associate  a  preen  or  blue  color  with 
Insect  powder,  rather  than  that  they  should  try  to  remember  that  blue 
is  fluoride,  and  pink,  let  us  say,  is  arsenic. 

3.  On  marking  and  storing  of  poisons. 

Not  only  should  containers  of  poisons  be  conspicuously 
marked,  Preferably  red  on  white  with  the  word  "Poison"  end  skull  *nd 
cro88bones,  but  they  should  bear  also  the  name  of  the  poison  and  the 
appropriate  antidote.  It  would  probably  be  advisable  that  the  word, 
poison,  should,  occur  on  all  four  sides  of  the  package.  It  should  be’ 
striotly  forbidden  to  transfer  poisons  from  issued  packages  to  other 


160 


packages  for  storage.  It  seems  to  me  far  safer  to  package  the  material 
originally  In  containers  of  appropriate  size,  rather  than  to  distribute 
It  In  bulk.  I  recommend  that  general  stores  of  poison  be  keot  in 
cabinets  or  lockers  separate  from  any  foodstuffs,  and  control  of  such 
lockers  be  under  the  local  Quartermaster  officer,  personally. 

Local  personnel  such  as  mess  sergeants  In  the  field  should 

hfi taqIJlrefv,t0  k?er  fll1  730180118 *  whether  In  raw  fora  or  made  up  into 
baits  or  other  mixtures  for  application,  separated  from  food,  and  their 

be  resJflcJed  to  those  personnel,  who  have  been  certified  com- 
U?6  oa^tlculaf  materials  by  the  pest  control  section.  This 
point  Is  referred  to  under  recommendation  3. 

6b3  —  Operations  against  insects  and  rodents. 

,  ,  <-  effective  use  of  pest  control  methods  and  materials 

leads  not  alone  to  higher  kill  of  the  pests  and  less  frequent  repetition 

mftp£?niraentrr  $utl  of.  course,  also  to  the  conservation  of  time  and 
materials.  Unfortunately,  it  is  not  possible  to  put  down  a  «et  of  pre- 

uili!'eUtbP  |:he  handling  of  spray  or  Insect  powder  or  poison  baltf 
■fj11 ke  the  lubrl cation  of  automobiles,  we  cannot  say  th"t  in  a  bulldlnc- 
of  such  and  such  a  design  we  spray  here  or  there;  the  detail*?  of  each  * 

differ*10 therefor^  V*®  °£S?  lta0lf?  the  of  constractLn 

the  number  and  kinds  of  invaders  differ.  I  feel  verv 
utronglj  that  the  application  of  Insect  control  methods  should  hp 

trsfnLfT^*  P°fSlble  d?gree  ln  th"  of  those  Sho  hoie  sSeeinc 

2nd  exoerlence«  Jt  Is,  of  course,  evident  that  in  a  few 
stabilized  areas  as  the  United  States,  Groat  Britain  and  Australia  i-hio 

Outsldpnpf°t,hp1Sh0d  by  tl?6  ernT)1°yTapnt  of  existing  commercial  operators 
Outside  of  the  areas  mentioned  it  seems  probable  that  use  must  hp 

°f  "“ifW  this  oolnt  I  hrve  seen  s  ^od  dosl 

J?nJprpi1n°lrCUlflted  vY  the  Nptlonal  P^st  Control  Association  and  I 
have  also  some  remarks  on  the  subject  sent  me  by  their  secretary 

Mr.  Buettner.  It  should  be  understood  here  that  the  expression^! 
about  to  give  to  these  views  is  my  own  and  not  precisely  that  of  thp 
sssoelntlon  or  Us  secretary.  Th^ 

nn*r,.,nflj  First,  It  Is  generally  agreed  that  the  employment  of 
raent  governing  the  use  of  existing  commercial  facilities1 u 

ITl  Si?  J1?*  °n  thC  of  Nn  tlonrl  ^Asaoclot  lon^ls  norr  ^ 

motivated  by  a  desire  to  conserve  materials  so  that  there  «m  ^  1 

EsS 

who  ware  c-xoected  to  So  the  notuel  work!  the  owrRt°rs 
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Where  the  use  of  existing  commercial  facilities  is  out 
of  the  question,  then  the  most  satisfactory  procedure  appears  to  me  to 
be  the  setting  uo  of  oest  control  units  analogous  to  the  malaria  sui>- 
vey  and  malaria  control  units  of  the  Sanitary  Corns,  these  units  to 
handle  all  operations  not  orimarily  involving  insects  attacking  man. 
and  animals.  There  would,  consequently,  be  virtually  no  overlan 
between  the  general  nest  control  unit  and  the  sanitary  control  unit. 

It  would  only  remain  to  decide  where  the  house  flies  were  to  be  assigned. 
(I  suggest  that  house  flies  in  buildings  be  treated  as  general  nests 
and  those  associated  with  garbage  dumos  or  manure  niles  be  considered 
as  sanitary  nests.)  I  suggest,  therefore,  the  following  organisation 
for  a  nest  control  section.  This  section  would  nrobably  ultimately  fall, 
not  so  much  under  the  Quartermaster  Corns  as  under  the  Army  Service 
Forces  as  a  whole. 

Chief  of  Section 

Assistant  Chief  of  Section 

One  to  be  a  zoologist  with  a  knowledge  of  nests  and  nest 
control,  the  other  to  be  an  experienced  neat  control  ooerator.  With 
the  nroner  selection  of  man,  it  is  of  no  consequence  which  one  is  the 
ranking  officer.  It  would  be  their  function  to  act  as  administrators 
of  the  nrogram  and  chief  trouble  shooters.  In  addition,  this  office 
would  require  a  necessary  secretarial  staff;  nerhans  two  to  four  nersons 
would  function  as  secretaries  and  technicians.  Under  these  there  would 
bo  ten  areas,  each  under  an  area  chief  and  assistant  chief,  again  one  a 
zoologist  and  the  other  an  exnerienced  onerntor.  The3a  men  would  per¬ 
form  within  their  area  the  sane  general  functions  ns  the  section  chief 
and  hla  assistant,  and  would  have,  preferably,  for  each  headauarters 
a  secretary  and  a  technician.  Each  ares  would  have,  with  perhaps  fro 
exceptions,  two  or  more  pest  control  units,  which  rould  consist  of  a 
leader  who  was  experienced  in  pest  control  operations,  and  four  men 
under  him,  who  had  had  some  training  in  actual  operations  and  who  w0Uiq 
work  under  the  immediate  supervision  of  the  leader.  It  should  ba  noted 
that  so  far  as  the  staffs  attached  to  the  offices  of  the  section  chief 
and  the  area  chiefs  are  concerned,  the  secretarial  and  technical  staff 
could  consist  largely  of  women. 

The  ten  areas  with  the  number  of  pest  control  units 
assigned  to  each,  and  suggested  places  for  headquarters  are  as  follows: 


North  Africa 

3  unit 8 

Algiers 

West  Africa 

2  units 

Monrovia 

United  States 

0  units 

Chicago 

South  America 
Caribbean  (Central 
America  and  the 

2  unit  8 

Natal 

West  Indies 

2  units 

Colon 

India 

2  units 

Calcutta 

Southwest  Pacific 

2  unit  8 

Canberra 

South  Pacific 

2  units 

Noumea 

Central  Pacific 

3  unit  8 

Honolulu 

Europe 

0  units 

London 

1S2 


properly 
the 
of 

I  fee  1 
coone rate. 


that  a  4.ulth  the  r,ro^resa  of  military  operations  it  is  probable 

areas  would  be  abandoned  and  the  personnel  would  be 
shift  to  other  areas.  It  saens  very  probable  for  example 
units  would  have  to  operate  on  the  European  continent 

the  WertmAfricannnnintflnd  ^1^lere  headquarters.  It  is  possible  'that 
the  west  African  units  coula  be  moved  to  the  northern  pert  of  the 

ssaw-^ia  SSr"1 

^ffiCt  ?<-gr£U?  °f  nest  contro1  operators  for  practical  training 
difficulty  being  that  one  cannot  have  the  actual  infestations 
appropriate  Pests  wherever  and  -henever  one  would 
sure  thnt  the  industries  In  this  cSSnt^ouIdbe  gUd  to  ' 

It  would  be  a  further  duty  of  the  ^erennnai  nr  tv,aan 

LvHS?:  i  IIS !; n°*  ?o%i£l?:dert 

Of  special  end  dsngerous'orfceL^ *"  °"er''tl°n 

naa  not  in  fact,  been  drafted  at  the  tine  I  v-rot^  him  '  tL  ll  < 

renoved^from  theVe^r^T?"w  *2  «nd  rodent  octroi ' should  °be 

ferred  to  the 

I  rir.de  about  ground  treatments  for  termites  -  ‘  ’ 

i,^nt5^fitnent  ?or,ends  ™ch  more  upon  the  eklll  of 

tha  o^niner^t?XiClty  of  th0  substances  employed 
the  opinion  that  both  the  pest  control  operator 

urogram  and  that  the  program  is 
sey,  he  recognizes  that  the 


agrees  with  a  remark 
that  the  efficacy  of 
its  application  than 
He  further  expressed 
and  the  zoologist  have  a  place  in  the 
not  complete  without  both,  that  is  to 


i  .  .  ,  - ~ u-ii  u  la  say.  ne  rpcocn' 

zoologist  has  knowledge  of  the  habits  and  activities 


of  Insects  and  a 
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facility  with  the  literature  which  the  nest  control  onerat or  does  not' 
by  the  same  token,  the  nest  control  ooerator  has  experience  in  tech¬ 
niques  of  aoolication  that  most  zoologists  know  only  by  description. 

This  applies  not  only  to  the  actual  pest  control  oneratlons  but  to  the 
teaching  of  personnel.  He  and  I  agree  that  the  mere  nurchase  of 
insecticides  and  their  issuance  to~comole tely  untrained  personnel  is 
a  tremendous  waste,  especially  when  some  of  the  most  important  insecti¬ 
cides  are  critical  materials,  We  need  name  here  only  sodium  fluoride, 
oyrethrum,  and  rotenone.  The  situation  in  regard  to  pyrethrum  is 
especially  critical  because  of  the  somewhat  conflicting  demands  of  the 
armed  forces,  the  home  front,  and  agriculture.  These  difficulties  are 
well  known  to  the  War  Production  Board  and  to  the  Department  of  Agri¬ 
culture,  but  they  are  not  minimized  by. the  existing  regulations  of  the 
Medical  Corps  of  the  army,  which,  for  example,  require  pyrethrum  instead 
of  fluoride  in  mess  halls  and  kitchens.  It  is  perfectly  true  that  there 
have  been  serious  accidents  in  the  use  of  fluoride  in  kitchens,  but  it 
is  safe  to  say  that  th^se  accidents  have  occurred  only  when  uncolored 
fluoride  was  left  to  be  applied  or  misapplied  by  untrained  personnel, 

I  an  convinced,  for  example,  that  it  can  be  safely  used  in  place  of 
pyrethrum  under  the  supervision  of  trained  personnel.  This  should  be 
particularly  true  of  the  fluoride  crayon,  which  I  have  earlier  described 

In  this  connection  it  is  important  to  remember  that 
trained  personnel  have  knowledge  not  only  of  precautions  to  be  taken, 
but,  ns  well,  of  the  methods  and  materials  most  effective  against 
special  groups  of  animals.  For  example,  fluoride  is  much  more  effective 
against  roaches  than  phosphorus;  one  uses  dilute  poisons  against  ants; 
one  fumigates  for  control  of  textile  insects;  one  varies  the  Poison 
and  the  bait  base  against  rats  but  one  traps  mice;  and  so  on. 

6b4.  Specif lcatlons  on  food. 

It  is  my  intention  to  bring  together  here  a  number  of 
general  recommendations,  most  of  which  are  individually  perfectly  we  11 
known  and  obvious,  but  I  believe  it  rill  be  helpful  to  have  them  put 
together  in  one  section.  They  deal  almost  entirely  with  food  and  are 
directed  toward  minimizing  the  development  of  infestations  in  packaged 
and  stored  food. 

A.  Production  Specifications 

These  are  applicable  tor  the  most  part  only  to  the 
United  States  since  the  chance  of  control  of  insects  in  fields  and 
orchards  will  evidently  be  less  in  foreign  countries. 

(1)  Dried  Fruits 

The  most  important  point  in  preventing  infestations 
of  dried  fruit  by  Insects  is  sanitation  of  orchards.  This  means  the 
prompt  gathering  and  disposal  of  windfalls,  culls,  and  other  fruit  waste 
which  is  commonly  allowed  to  lie  around  on  the  ground  for  considerable 
periods . 
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(2)  Leguminous  seeds. 


the  Infestations  originate  almost  entirely In the fielS?US  S',e<5S’  ”Ut 
(3)  Other  vegetable  products. 


the  nroblem  is  one 


So 

of 


far 


as  other  vegetable  products  are  concerned 
a  control  directed  at  spline  ?yoea  of  "^Jcts.  ^  rather  ™en 

3.  Processing  specifications. 

1nflQton.  .  .  Certain  additional  insects  can  be  introduced  h« 

These  s"e=l?Lra?fonaeinvolv%9?lne  °f  f°°dS  preaerved  1"  «*  state. 


I 


1) 

2) 


) 


( 

(4) 


Requirements  as  to  sanitation  of  processing  riant 
Maximum  quantities  of  insects  permissible  in  a 
given  weight  of  a  product.  Compare  my  remark  on 
/T‘rdlnf:  the  significance  of  thumbs? 

ln  relation  to  the  speed 
v^th  which  an  infestation  builds  up 

conclusioJei2aXlinUrn  m?l8ture  intents.  Comnare 

a. contalners.  This  involves  not  only 
the  Perfection  of  the  seal  so  that  young  larvae  ’ 

ro^  Ud?d'abUt  alS0  the  ^^“^tness  of  sealing 
It  obviously  does  no  good  to  have  insect-free 

material  placed. in  containers  and  then  let  the 

b°"nSreln’featedar°Tna  ’intlJ  the  mfitert''l  has 
peon  reinfested.  In  regard  to  seallnr  the  cam 

pie te  closure  of  the  ears  of  bags  is  necessary 

This  is  frequently  an  overlooked  Point. 


C. 


Storage  specifications  prior  to  delivery, 
il  i3.^’  “Pinion  thnt  all  foods  vhlch  have 


heat  orocessed  benefit  not  only'by'  st‘oraerUnderS,Zrn  "-'72.not  heen 
necessarily  ref riperati  on  y,,i*  Bi!a  v.  *  unc^er  cool  contritions,  not 

serifs ** 

materials,  but  from  what  information  I  have  seen  4o 
humidity  appears  to  be  reasonable.  ' 


to 


and 

refer  to 
a  relative 
of  data  on 
content  of  store1 
50  per  cent 
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D.  Permissible  treatments  against  Insects  oresent. 

enaentT  ^  TtTe~ 

evldent  from  what  has  been  said  already  that  the  choice  of 

for  example ,  versus  heat,  will  depend  In  cart  on  the  consewatl^  at  ' 

vitamins  and  in  oart  on  fat  content.  It  will  also  eeoend  nn  SS  f 

relative  tendency  of  the  materials  to  absorb  the  fumigant*  thprpfnm 

chief  Sterns. SPeClflCatl°nS  W°Uld  hav0  t0  be  made  out  f°r  a11  of  the  ’ 

E.  Storage  specifications  after  delivery. 

n  *.  .  The  specifications  noted  under  C  would  hold  fnr 

Quartermaster  denota.  In  any  event  In  this  countrF.  in  the  field  m 
^n??^r+.}'nataaJes,  joistyre  and  temperature  could  not  be  regulated  and  in 

6b5.  Testing  procedures. 

Qe  ...  -  1  recommend  that  the  section  of  Test  and  Review  as  wen 

packagi  n^and^atorag^neth  ode  Monels  ten  tly^xanlnet^wlth  ro^.T  ^  * 

rj?  i'jrotex,lxt  “V™* 

flclent  amount  d^L^^^^ticu^^^^^l^rSault'^^irmust1^^- 
stressed  that  laboratory  and  field  testing' with  refund  must\be 

arts  sJsjpsJSffs.-aCT'SrH -vt  , 

S‘.“.s\5  sri,n;,rs,r2,;rss:.*;!;£^ r* 

£%5!«~"4"  '"•r  si, 

tne  field.  However,  with  a  proper  splerMnn  ■?  ^  tn 

methods,  laboratory  testing  is  a  necessary  firet  ctpn  lns®£ts  test 

motiMk  wll-  s-s:- 

,  ,  There  are  a  considerable  number  of  university 

zoologlst*calieatforSin  "comLnd^uSn  Jr^-H  “^e  flao  heaaed  un°by  th< 

r  r  ST 

to  Insure  comparability  of  the  various  tests  hnt  a*™,?*01  *  v  *  71113  lf 

to  the  extreme  of  suppressing  the  development  of  new  tostnnetheaC*rrled 
advisable  changes  in  old  methods.  The  field  testing  conld  hph  a6*0?  «- 
Jointly  by  the  zoologist  and  the  Test  and  Rev^^Uon^  Thi^Sld 


ax-tacK  Dy  animals  is  involved.  Whnt  I  have  lust  nnin  ia  nnt  VZ+l  1  * 

?ona^Vhe  W°rk  °f  T\8t  and  Revlew'  or^of6Re  search  'a  nd  SDe  vel  orne  nt  ^but 
obtainable!  connrehenel ve  consideration  of  the  data  obtained  aAd 

Ch”dithl  A-Y'?-!*?™*1™  °”°L^cratory  Proc^re^Sin  S?udlCeTo^°the 
use?u?  Information!  CtS*  ™8  V°lunP  C0ntaln8  *  1*W  -mount  of 
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7.  INDEXES 


There  are  certain  difficulties  in  arranging  an  index  to  a  rerort 
of  this  sort.  I  have  attempted  to  overcone  these  by,  for  the  most  rart, 
indexing  all  entries  under  nouns,  with  the  adjectives  rlaced  as  subheads. 
In  a  few  Instances  where  it  was  inconceivable  to  invert  a  rhrase,  it  has 
been  entered  in  the  way  in  which  it  is  always  used.  In  addition,  I  have 
given  a  considerable  nunber  of  cross  references  where  nearly  synonymous 
words  are  used  interchangeably  in  the  text.  Where  both  scientific  and 
common  names  are  used  in  the  text,  the  scientific  name  is  given  foil  ow¬ 
ing  the  common  name  in  the  index,  but  the  cage  references  follow  the 
actual  usage  of  the  text.  Scientific  names  are  indexed  with  the  generic 
name  first,  this  being  in  fact  the  noun  of  the  name..  The  names  of 
chemicals  have  been  indexed  simply  ns  names,  it  being  understood. that 
numbers  are  spelled  out  In  their  ordinary  Greek  form.  The  materials  and 
orders  of  animals  noticed  in  7®1  are  again  indexed  in  Ja2  and  7b.  Part 
8  is  not  indexed,  but  with  one  expert  ion,  it  follows  the  order  of  Part  3 

There  are  four  indexes  given. 

7a.  The. names  of  animals.  This  in  turn  is  divided  into  two  cortioei’, 

1.  A  list  of  insects  and  mites  for  each  grour  of 
materials  as  taken  uo  in  Section  2.  There  are  no 
rage  references  in  this  index,  but  the  sceciee  are 
arranged  in  the  same  order  in  which  they  r coenr  in 
the  Acoendix  (Section  8)  so  that  an  animal  may  be 
found  and  the  r^st  of  the  information  on  it  obtained. 

In  those  cases  in  which  the  animal  is  referred  to  in 
the  text,  7a2  should  be  consulted  and  there  the  rage 
reference  will  be  found. 

2.  This  Includes  both  rorular  and  scientific  names  as 
used  in  the  text  itself  (Sections  1  to  7pl)  wlth 
rage  references. 

7b.  The  substances  p.ttacked  which  are  referred  to  in  the  text  but 
I  have  not  listed  all  substances  which  may  be  mentioned  in 
the  Aprendix. 

7c.  Methods  and  materials  used  in  the  control  of  ^nsect3  and 
referred  to  in  the  text, 

7d.  Other  items  in  the  text. 


1 

I 

Index  A.  Animals 

• 

1.  3y  grouos  of  materials. 

A.  Foods  and  closely  related  materials. 

1.  Grain,  including  rice  and 

buckwheat,  and  Its  products. 

Thysanura 

Leoidootera 

Leoisma  sacchnrina 

Pyralis  lisni<rialis 

Orthontera 

Pyralis  menihot^lls 

Gryllulus  desertus 

Pyralis  oictnlis 

Gryllulus  domesticus 

Pyroderces  rlleyl 

Gnyllus  assimilis 

Santuzra  ku’^anil 

Blatta  orientalis 

Setomorohn  lnsectelln 

Blattella  gerraanica 

Setomoroha.  rutolla 

Pycnoscelus  surinamensis 

Sitotropa  cerealella 

I soptera 

Thagora  flguprana 

Termltidae 

Tinea  cloacelln 

Termes  formosanus 

Tinea  dltel?a 

Emblontera 

Tinea  nisei!)  a 

Embia  vayssierei 

Tinea  nallescentolla 

Psocootera 

Tinea  oereonelln 

Caecillus  nigrotuberculotus 

Tinea  secalelle 

Lachesllla  nediculr.ria 

Tlneola  blselliella 

Psoquilla  margineounctata 

Coleootera 

Troctes  corrodens 

Anoblldae 

Tr*octe8  divlnatorius 

Catorama  herbarium 

Tropiun  nulsatorlun 

Catorana  mexlcano 

Leoldootcra 

Catorema  nunctulata 

Aglossa  caorealic 

Catorana  zoae 

Aglossa  dlmldlata 

Lnsloderne  serrlcorne 

Aglossa  plngulnnlls 

Sitodrena  oanlcen 

Alucita  sp. 

Anthicldae 

Anchonomn  xeraula 

Anthlcus  elogans 

Aristotelia  austerooa 

Anthicus  floral is 

Borkhausenla  oseudosoretelln 

Bostrlchidae 

Cel ana  sorghlella 

Dlnoderus  blfoveolntus 

Clrohls  zeae 

Dlnoderus  minutus 

Corcyra  ceohalonlca 

Prostenhanus  truncatu*' 

Doles sa  viridle 

Rhlzonertha  d on 1 nice 

Eohestia  cnhiritella 

Rhlzooertha  hor^cum 

Eohestla  cant el la 

Slnoxylon  anale 

Ephestia  clutella 

Slnoxylon  conlgerun 

Eohestla  figulilella 

Celandridao 

Ephestia  glycinivora 

Celandra  prrnnarle 

Enhestla  kuehnlella 

Celandra  oryzee 

Eolthectls  studiosa 

Cal«ndra  sasaki i 

Hysopygia  costalis 

Myocalsnarn  elonpptp 

Mussldla  nig rive ne 11a 

Cleridae 

Nemaoogon  granella 

He c rob i a  ru fines 

Paraliosa  gularis 

Thane roclerus  buouet 

Plodia  interpunctelln 

Pyralie  f«rinalls 

i 

\ 

Colydildae 

Murmidius  ovalis 

; 

| 

im 

Colydlldae 

Thaumaphrastus  karanlsensis 
Cryotonhagidae 

Cryntoohagua  affinis 
Cryotophagua  cellar! s 
Cryntophagus  dentatus 
Cryrtobhagus  dl atinguendus 
Cryotophagus  fowleri 
Cryotoohagus  oallldua 
Cryrtoohagus  scanicus 
Henoticus  cal if oral  cue 
Henoticua  germanicus 
Cucujldae 

Laemoohloeus  ater 
Laeraophloeus  ferrugineus 
Laenoohloeus  Janetl 
Laeraoohloeus  mlnutue 
Laemoohloeua  ouaillua 
Laemoohloeua  turcicua 
Laemotmetus  rhizoohagoldea 
Curcullonldee 

Cauloohllus  latlnasu8 
Dermeatldae 

Aethrlostoma  glorioaae 
Anthrenus  acroohulnrlae 
Anthrenu8  verba a ci 
Attagenu8  byturoldea 
Attapenus  pelllo 
Attagenu8  plceu8 
Deraeatca  friachl 
Derncsten  lardarius 
Dermeates  80. 

Eucnocerua  anthrenoldea 
Trogoderaa  granariun 
Trogoderna  lnclusum 
Trogoderaa  ornatum 
Trogoderaa  tarsale 
Trogoderna  versl color 
Zndomychidae 

Mycetaea  hlrta 
Lrncrurildae 

Phorxonotha  kiracM 
Lathrldlldae 

Adlatemla  rlleyi 
Cartodere  argu8 
Cartodere  costulata 
Cartodere  fllura 
Cartodere  ruficollls 
Coninomus  8Ubfaaclntua 
Corticaria  fenestrnlls 
Corticarla  oubescens 
Enlcinu8  histrlo 


Lathrldlldae 

Enlcraua  mlnutus 
Eufalloidea  holmesl 
Holooaramecua  caularura 
Holooaramecua  deoresaua 
Holooaramecus  aimrulnria 
Melanoohthslma  araericnna 
Mftgne^uxia  orlentalls 
Lyctldae 

Lyctua  nfrlcanua 
Lyctus  brunneua 
Mlntheo  obalta 
Mlnthaa  ruglcollla 
Monotomidae 

Monotone  quadrifoveola te 
Mycetophngldae 

Lltareru8  baltpatua 
Mycetoohagus  blouatuletua 
Myce toohnpua  ouadrlpruttatua 
Tyohoea  atercorea 
Nltldulldae 

Carpoohllua  bloustulatus 
Cnrponhilue  declolens 
Cnrobohilus  dimid letup 
Carpoohllua  henloteru3 
Carooohilua  humeral la 
Cnrrophllua  llgneua 
Cnroonhilus  nltene 
Cnroo^hllus  obaoletua 
Carpoohllua  nnllluonnla 
Stalidoto  geminate 
Uroohorua  humeralia 
Oetonp  tldre 

Temnochlla  caerulea 
Trnebroldea  cortlcalla 
Tenebroldea  n«urlt«nlcua 
Tencbroldea  nanus 
Lonhocrterea  ousillus 
Platyatoraldae 

Arnecerus  fasciculntua 
Brachyt^raua  rlternptua 
Brechytarsua  atlctlcua 
Ptlnldae 

Eurostus  hlllerl 
Blbblum  boieldleui 
31gglun  oaylloidea 
Meziura  pffine 
Me  z  1  urn  '’meric  a  nun 
Niotus  hololeucua 
Ptlnua  blclnctus 
Ptlnu8  fur 
Ptlnua  jnnonicua 
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Ptinidae 

Ptlnus  latro 
Ptinus  raptor 
Ptlnus  tectus 
Ptlnus  vllllger 
Tionus  unloolor 
Trlgonorenius  plobulus 
Scolytldae 

Pagriocerus  frontalis 
Paplocerue  zeae 
Sllvanldae 

Ahasverus  advena 
Cathartus  cassiae 
Cathartus  quadrlcollis 
Nauslblue  clavlcornls 
Oryzaeohllus  blcornls 
Oryzaet>hllus  surinanensls 
Staohylinidae 

Atheta  trlnotota 
Xylodronus  conclnnus 
Tcnebrlonldae 

Alohltoblus  dlaoerlnus 
Alohltoblus  lrevlgatus 
Alohltoblus  ovatuy 
Alohltoblus  olceus 
Alohltoohrgus  blfasciatus 
Aohanotus  oarallelus 
Blare  lethlfera 
Blare  nortlsapa 
Blaos  nucronata 
Cynaeus  ancustus 
Gnathocerus  cornu tus 
Gnnthocerus  naxllloeus 
Gonoceohalum  hof fnannseppl 
Hypophloeus  f lor 1 cola 
Laetheticus  oryzae 
Uartlanus  demestoldes 
Palorua  depressus 
Falorus  ratzeburprl 
Palorus  subdeoressus 
Platydcma  ruflcorne 
Sltophapua  hololcotolaes 
Tenebrlo  molltor 
Tenebrlo  obscurus 
Tenebrlo  olcloes 
Tenebrlo  syrlacus 
Trlbollun  ca3taneun 
Trlbollum  confueura 
Trlbollun  destructor 
Trlbollun  naftens 
Ulona  cullnarls 


Thorlc tldne 

Thorlctoaes  heydenl 
Dlotern 

Calliohora  r.upur 
Calliohora  sty^la 
Hymenootera 
Formicldae 

Atta  sexdens 
Irldonymex  hunllls 
Arachnid a 

Al ftu rosily ohus  ovatus 
Blomin  kulprrlni 
Blomla  thori 
Calo^lyohus  rodlenovl 
Carooplyohus  rnonyraus 
Chortoplyohus  arcuetus 
Eberhardla  kramerl 
Eberha rdla  redikorzc'vi 
Fcrmlnla  fusca 
Glycyohepus  cedpverum 
Glycyohepus  donesticus 
Glycyohapus  fustlfer 
Glycyohapus  michaeli 
Glycyrhr-rus  ornatus 
Kuzlnla  rhlzoplyoholdes 
Leoldoplyohus  destructor 
Leoldo^lyphue  destructor 
nlxtue 

Monlezlella  entonoohaera 
Rhizoplyohus  echinoous 
Tnrsonemua  horde  1 
Tyroerlyohus  enoricanus 
Tyroplyohus  f^rlnee 
Tyroprlyohus  Uteri 
Tyroplyohus  slro 
Tvroohapus  bullerl 
Tyroohapus  lnfcstas 
Tyroohnpua  nycoohapus 
Tyroohapus  noxlua 
Tyroohapus  outre  s centime 


2.  Meat  and  fish,  fresh  or  insoecified 


Orthootera 

Blattarlae 

Blatta  orientalis 
Leoidootera 

Dysnosla  oarietariella 
Tinea  misella 
Coleootera 
Cle  rldae 

Necrobla  ruflcollis 
Necrobla  rufioes 
Necrobla  vlolacea 
De rme  stidae 

Dernestes  cadaverlnus 
Dermestes  carnlvorus 
Dermestes  oeruvianus 
Thylodrlas  contractus 
Nit ldnlldae 

Nltldula  blounctata 
Tenebrlonldae 

Ulona  cullnarls 

Dlotera 

Cnlllphora  augur 
Calllohora  erythroceohaln 
Calllohora  stygia 
Calllohora  vomltorla 
Fannla  ouslo 
Fannin  scalorls 
Hcllcobla  australis 
Hydrotaca  dentlfoes 
Lucllla  cacsar 
Lucllln  eerlceta 
Musclna  pabulorura 
Musclna  a tabula ns 
Pliormla  caerulea 
Phormla  regina 
Ploohlla  easel 
Sarcoohaga  nnnandalel 
Sarchoohaga  aurlfrons 
Sr.rcoohngn  beta 
S$rcooh*ga  bullata 

3.  Dried  and  smoked  meat 

Thysanura 

Lcplsim  s^ctharlna 
Leoidootera 

Endrosls  l-'cteella 
Tlncoln  blselllella 
Coloo-otera 
Anobiiaae 

Laslodema  aerrlcorne 


Dlntera 

Snrcoohng''  cal ice fern 
Sarcoohaga  carnarla 
Sarcoohaga  cirrhurs 
Sarcoohaga  cooleyl 
Sarcoohaga  deoressn 
Sarcoohaga  dux 
Snrcoohagn  eta 
3arcor>hagn  falculnta 
Sarcoohaga  frogg^tti 
Sarcoohaga  fusclcnndn 
Sarcoohaga  haemorrholdnlis 
Snrcoohnga  imoar 
Sarcoohaga  lmoatiens 
Sarcoohaga  kappa 
Snrcophaga  knabl 
Sarcoohaga  kohla 
Sarcoohaga  ml  sera 
Sarcoohaga  nemoralls 
Sarcoohaga  orlentaloldes 
Sarcoohaga  oeltntn 
Sarcoohaga  ocregrlna- 
Sarcoohaga  robusta 
Sarcoohaga  ruflcornls 
Sarcoohaga  texann 
Sarcoohaga  tryonl 
Sarcoohaga  tuberosa 
Teohrochlamys  cane  scene 
Hymenootera 
Formicidae 

Iridonyrmex  detectus 
Irldomyrmex  humllls 
3olenoosis  geminate. 
Solenoosls  xyloni 
Monomorlum  oharaonls 
Ara  chnida 

Tyroohagus  myconhngue 


and  fish 

Coleootera 

Cleridae 

Corynetes  caeruleus 
Dermestldae 

Anthrenocerus  australis 
Anthrenus  fasciatus 
Anthrenus  olmplnellae 
Attagenu.s  oelllo 
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oiceus 

cadaverinus 

frischi 

lardarlus 

vulpinus 


Coleoptera 
Dermestidae 
Attagenus 
Dermestes 
Dermestes 
Dermestes 
De  rmestes 
Nitidulldae 

Nitldula  binunctata 
Ptiniaae 

Ptinus  tectus 

4.  Peas,  beans,  and  lentils. 

Leniaontera 

Athetls  clavlrtalnls 
Corcyra  cephalonlca 
Endrosis  lacteella 
Enhestia  calldella 
Ephestia  kuehnlella 
Parclipsa  Claris 
Plodla  internunctelle. 

Pyralis  manlhotelis 
Sitotroga  cerealella 
Tinea  mlselln 
Coleontera 
Anobildae 

Sltodrepr.  nanlcea 
Ca.landridae 

Cnlandra  oryzae 
Cryntonhagidae 

Cryptonhegus  cellarls 
Cucujldae 

Loemophloeus 
Curcullonidae 
Chalcode  nnus 
Dermestldae 

Attagenus  nlceus 
Dermestes  coarctatus 
Trogodema  pranarium 
Trogodermo  sternale 
TroKoderma  tarsale 
Mylnbridee 
Mylabris 
Mylabris 
Hylrbris 
Mylabris 
Mylabris 
Mylabris 
Mylabris 
Mylabris 
Mylabris 


ferrtxgineus 

angullcollls 


anal Is 

dentines 

ervi 

impresslthornx 

lncarnntus 

lentls 

maculatus 

obtectus 

orn^tus 


Sllphlaae 

Sllnha  lannonlca 
Si  Inha  2*ug08a 

Silvanidae 

Oryzeenhllus  aurlncmensls 
Dlntera 

Pionhile  easel 
Sarconhnga  snn. 

Arachnida 

Cnrnoglyohus  nassularum 
Erionhyes  domesticus 


Mylebridae 

Mylabris  nhageoll 
Mylabris  nlsorum 
Mylabris  nrosonls 
Mylabris  quadrlm^cula tus 
Mylabris  ruflrnanus 
Mylabris  tristis 
Sne rmaonhagus  nectoralis 
Sne rmophaprus  eubfascietus 
Nitidulldae 

Camonhilus  heminterus 
Ostomatidae 

Lonhocateres  nu3lllus 
Pla.tystomldae 

Ara.ecerus  fascicule tus 
BrachytPrsus  elternatus 
Brachytarsus  etlctlcus 
Ptlnidae 

Ptinus  fur 
Scolytldae 

Hynothenenus  sn. 
Silvanidae 

Ahasverus  ad vena 
Tenebrionidae 

Tenebrlo  obscurus 
Tribollum  castaneuro 
Tribollum  confusum 
Hyne  non t ere 
Formicldae 

Cardiocondyla  brltteni 
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5.  Peanuts. 


Thysanura 

Thermobla 


domestica 


Embiontera 

Embla  vaysslcrei 


Leolaootera  . 

Corcyra  ceohaloni cn 
Eohestia  cautella 
Homoeosoma  vagella 
Nemaoogon  granella 
Paraiiosa  gularls 
Plod la  lnterpunctella 


Coleootera 

Anoblldae 

Las lode rma  serrlcorne 
Laslode rma  testacoum 
Calandrldae 

Calandra  oryzae 
Dermestldae 

Demestes  lardarlus 
Trogoderna  sternale 
Trogoderraa  tareale 
Trogoderma  tricolor 


6.  Other  leguminous  seeds. 


Lebldootcra  ,  «„4.0n- 

'  Borkhausenla  osaudosDreteiifl 

Etlella  zlnckenelln 
Hcrculla  psnmmoxantha 
Uyclols  cerntonlae 
Parallpsa  gularls 
Plodla  lnterpunctella 
Traohyleoldln  fructlcassielin 

Coleoptera 

Dermestldae 

Tropoderma  ste  male 


Uyceto-ohagldne 

Tynhoen  stercorea 
Mylabrldae 

Mylabrls  anal  Is 
Hylabrls  chine ns Is 
Mylabrls  dentines 
Mylabrls  dollchosl 
Mylabrls  ferruglneipennls 
Mylabrls  glnbcr 
Hylabrls  halodendri 
Hylabrls  maculatus 
Hylabrls  phase oil 
Mylabrls  prulnlnus 
Hvlnbris  rhodeslanus 
Hvlabrls  rufimnnus 
Mylabrls  obtectus 


Mycetooh'-ipldae 

Tyohoea  stercorea 
Mylabrldae 

Pa  chyme  rus  ncr.ciae 
Pa chyme rus  css sine 
Nltidulldne 

Ca  moohilus  dlmldlatus 
Orpoohilus  licrneus 
Csroonhllus  unln°culntus 
Sllvanldae 

Oryzneohllus  frossyoll 
Oryzpephllus  surln**mensls 
Tenebrlonldae 

Alphitoblus  diaoerinus 
Homala  pollta 
Pslorus  eubder>resflus 
Plmele  angulosa 
Plmela  eenegnlensls 
Trlbollum  c*staneum 
Trlbollura  confueum 
Zoohosls  ellneata 


Mylnbrldne 

Hylabrls  ruflnes 
Hylabrls  slgnatlcornl s 
Mylabrls  t rebut 1 
Hylpbrls  trlstls 
Hylabrls  ullcls 
Pnchymerue  f us  cun 
?n chyme rus  gonager 
Pnchymcru8  nallldus 
Phelomerus  llneoln 
Phelomerus  ochrooygus 
Pseudoua chyme rus  brpslllens 
Pseudoonchynerus  grnmralous 
Pseudonp chyme rus  lnllemantl 
Soermoohagus  subfnsciatus 
9r»e  rmoohagus  thom^sl 
Nltidulldne 

Hel lathes  neneus 
Platystomldae 

Ara.ecerus  fp.sclculatus 
Ptinldae 

Gibbium  nsylloldes 
Ptinus  tectus 
Tenebrlonldae 

Alnhitoblus  nlceuo 
Trlbollum  c«stnneun 
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7.  Edible  Nuts. 

Leoidootera 

Achrola  grlsella 
Dolessa  vlrldls 
Epheatla  cahlrltella 
Eohestia  cslidella 
Eohestla  cautella 
Efcheatia  elutella 
Eohestla  figulilella 
Ethestla  kuehnlella 
Iiyelois  ceratonlae 
Nemaoopon  granella 
Parallosa  gularis 
Plodla  lnterrrunctella 
Pyralls  olctalis 
Coleootera 
Anoblldae 

Lasloderma  testaceun 
Anthlcldae 

Anthlcus  floralis 
Bostrichidae 

Dinoderus  ralnutus 
Cucujldae 

Laemoohloeua  Janetl 
Hit ldulldae  „ 

Carpoohllus  dlmldlotus 


g.  Cacao 


Demaotera 

Prolabla  arachidla 

Psocootera 

Chaetonsocus  rlchnrdsl 
Delpnoosocua  apheclophllus 
dlaoarllla 

Paoaulilft  mnrglnepunctatn 
Stenotroctes  minor 
Troctes  dlvlnatorlue 
Troctea  virgulatua 

Leoldoptera 

Corcyrn  ceohalonlca 
Eohestla  cahlrltella 
Eohestla  cautella 
Enhestla  elutella 
Eohestla  kuehniella 
lIuasldlR  nlgrlvenelln 
Setomoroha  rut el la 
Setomoroha  tlneoidea 
Tlneoosis  theobromne 


Nltidulidae 

Carooohilu3  flavldus 
Carooohilus  hemloterua 
Ostoma tldae 

Tenebroides  mruritpnicus 
Plntystomldae 

Araecerus  fasclculatus 
Ptinldae 

Ptlnua  tectus 
Scolytldae 

Coccotrynea  dactylloerda 
Hyoothenemus  nrec^e 
Heodryocoetes  an. 
Peodilios  nuclf^rua 
Silvanidae 

Ah»»sverus  edvenn 
Oryzaeohllua  surln*mensls 
Tenebrlonldae 

Aoh^notua  oarnllelua 
Trlbollum  c^ataneum 
Trlbollum  confuaum 
Hymenootern 
Formic ldae 

Solenooala  xylonl 
Arachnida 

Tyroglyohus  llntneri 


Coleootera 

Anoblldae 

Laelodemn  serricorne 
Bostrichidae 

Dlnoderua  ninutua 
Clerldae 

Necrobia  rufloes 
Thane roclerus  buouet 
Cryotoohagindae 

Henotlcus  californlcua 
Cucujldae 

Laemophloeus  ferruginous 
Laemophloeus  Janetl 
Laemoohloeua  turclcus 
CurculioiSldae 

Soermologus  rufua 
Derr.eat  idae 

Dermeste8  carnlvorus 
Permeates  lardarlua 
Permeate  a  oeruvianua 
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Dermestidae 

Dermestes  vuloinus 
Mycetonhagldae 

fyohoea  stercorea 
Nltldulidae 

Carnophllus  deciDiens 
Carnonhilus  llpneus 
Ostornatldae 

Tenebroides  mauritanicus 
Tenebroid.es  oblonsrus 
Plastystomidae 

Araecerus  fasciculatus 
Ptinidae 

Nintus  hololeucus 


9.  Raisins 

Psocontera 

Trogiura  nulsntorlum 
Lenldo^tera 

Achroia  gri sella 
Enhestia  calidella 
Enhestia  elutella 
Enhestia  flgulilella 
Enhestia  kuehniella 
Enhestiodes  nigrella 
Myelols  ceratoniae 
Plodia  internunctella 
Tltula  serrntillneella 
Coleontera 
Anoblldae 

Laeloderma  serrlcorne 
Cleridae 

Necrobla  ruflnes 
Cryotonhagidae 

Cryotoohagua  affinis 
Cryotoprhagus  collaris 
Cryntonhagus  dentetus 
Cryntonhagus  inscitus 
Cryntonhagus  saginatus 
Cryntonhagus  scanicus 
Cryotonhajms  vnlidus 
Cuoujldae 

Laemoohloeus  ferrlegineus 
10.  Dates. 


Le^idontera 

Arenlnses  sabella 
Borkhau8enia  nsuidosnre tella 
Enhestia  afflatella 
Enhestia  calidella 


Ptinidae 

Ptinus  fur 
Ptinus  hirte.Tlus 
Ptinus  tectus 
Silvanidae 

Ahasverus  advena 
Cathartus  caseiae 
Oryzaenhilus  surinemensls 
Tenebrionidae 

AlDhitobius  dianerinus 
Qnathorcerus  cornu tus 
Palo rue  subdenressus 
Triboliura  c»staneum 
Tribolium  confusurn 


Lpthridiidae 

Enlcmus  nrotensicollis 
Enicmus  eusnectus 
My ce  tonhagldae 

Tynhoea  stercorea 
Cstomatidae 

Tenebroides  m.nuritanicus 
Ptinidae 

Ptinus  gandolnhei 
Trigonogenlus  crlobulus 
Silvanidae 

Oryzaenhilus  surinpmonsis 
Tenebrionidae 
Ansena  ruflnes 
Blanstlnus  dilatatus 
Blanstlnus  rufines- 
Cnenenletia  sericea 
Gnathocerus  cornutua 
Triboliura  cast*neum 
Tribolium  confusurn 
Dint era 

Heoneura  obscurella 
Sclera  annulpta 
Arachnidn 

Carooglynhus  n»8sularum 


Lenidontera 

Enhestia  cautella 
Enhestia  flgulilella 
Enhestia  kuehniella 
Euzonhera  an. 
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Leoldootera 

Myelois  ceratoniae 
Myelois  Phoenicia 
Myelois  zellerella 
Syria  an. 

Coleootera 
Anobiidae 

Laaloderma  serrlcorne 
11.  Copra 
Faocoptera 

Psooullla  marplneounctata 
Leoldootera 

Corcyra  ceohalonica 
Dolesaa  vlridis 
Eoheatia  cautella 
Coleootera 
Anobiidae 

Laaloderma  serrlcorne 
Calandridae 

Calandra  oryzae 
Clerldae 

Necrobia  rufioea 
Cucujidae 

Laeraoohloeus  oualllua 
Laemoohloeua  turclcua 
Dermeatidae 

Aethrlostoma  undulata 
Dermestea  cadaverlnua 

12.  Other  dried  fruits 

Orth oot era 

Gryllulua  domestlcua 
Fsocootera 

Leplnotua  innullinus 
Leoldoptera 

Achrola  grlaella 
Athetis  clavioalois 
Borkhauaenia  oseudosoretella 
Cacoecia  franciacana 
Corcyra  ceohalonica 
Endrosla  lacteella 
Eohestia  cahlritella 
Eoheatia  calldella 
Eohestia  elutella 
Sphe8tla  figulilella 
Eoheatia  kuehniella 
Eohestlod.es  nigrella 
Eulia  velutinana 
Myelois  ceratonlae 
Myelois  turkhelniella 


Coleootera 

Niticiulidae 

Caroophllus  dimiftlatua 
Ftinidne 

Ptlnus  fur 
Silvanidne 

Oryzaeohilua  surinanensla 


Nitidulidae 

Carooohllus  dimidlstus 
Carooohilus  flavines 
Carooohilus  hemioterus 
Ostomatidne 

Tenebroidea  muritaniciis 
Silvanidae 

Ahesverus  advena 
Oryzaeohilus  aurinamensls 
Tenebrionidae 

Alohitobius  alaoerinua 
Alohltobiua  lnevlprtua 
Alohitobius  ovatus 
Palorus  aubdeoressua 
Tribolium  casteneum 
Ulomo  foveicollla 
Arnchnlda 

Rhizoglyphus  callae 
Tyrophapus  outreacentlae 


Leoldootera 

Nemeoopon  pranella 
Paralloaa  pularis 
Plodia  lnterounctelln 
Pyralis  raanihotalie 
Tinea  fuscipunctella 
Tinea  vastella 
Vltula  serrntllineella 
Coleootera 
Anobiidae 

Leeioderran  serrlcorne 
Anthicidae 

Anthicua  australis 
Anthlcus  elecrans 
Boatrichidae 

Aoatn  monachua 
Dinoderus  minutua 
Calandridae 

Cslandra  pranaris 
Calandra  oryzae 


197 


■s- 


Coleootera 
Cleridae 

Corynetes  caeruleus 
Necrobia  rufipes 
Colydildae 

Hurmidius  ovalis 
Cryptor>hrgidno 

Atornaric  atricaoilla 
Cryptoohagus  af finis 
Cryptoohagus  cellarls 
Cryptophagus  croceus 
Cryotophagua  dentatus 
Cryotoohague  distinguendus 
Cryotophagua  nilosue 
Cryotoohacus  ecanicus 
Henotlcus  californicus 
Cucujidae 

Le.emoohloeus  ferruginous 
Laemoohloeus  turcicus 
Dermestidae 

Derm»ste8  lardariua 
Nitidulidae 

Carpophllus  atarrlmus 
Carooohilus  decipiens 
Cnrpoohllus  dimidiatus 
Carpophllus  hemipterus 

13.  Other  miscellaneous  seeds. 

Orthontera 

Gryllus  a88lmllia 
Fsocontera 

Leolnotus  oatruelis 
Leoidontera 

Achrola  griaella 
Auxinoba8ie  normolis 
Borkhausenla  mlnutella 
Borkhauaenia  oseudoBoretella 
Doleasa  vlrldie 
Endro8i8  lacteella 
Snhestla  cautella 
Mamoava  biounctella 
llonoois  crocicaoitelln 
Monooi8  ferruginelln 
Uyclois  aolitella 
Nemapogon  granella 
Pyroderces  rileyi 
Pnraliosa  guleris 
Setornorohn  rut el la 
Tinea  fuaciounctella 
Tinea  miaella 
Tineola  biselliella 


Nitidulidae 

Carpophllus  ligneus 
Hoptoncus  luteolus 
Oatomatidae 

Tenebroidea  mauritanlcus 
Lophocateres  puaillus 
Plntystomldae 

Araecerus  fnsclculatus 
Ptlnidne 

Ptlnus  tectus 
Trigonogenlus  globulus 
Silvnnidae 

Ahasverue  advenn 
Cathartu8  qua.dricollis 
Oryzaenhilus  bicornis 
Oryzaenhllue  surlnamensis 
Tenebrionldae 

Ansena  rufloes 
Tribollum  castaneura 
Arachnlda 

Carooglyphus  nnonyraus 
Carooglyphus  lactis 
Carooglyphus  passularum 
Olycynhagus  domesticus 
Tyroglynhufl  airo 
Tyroohagus  outreacentiae 


Coleontera 

Anobiidno 

Las  lode  ma  serrlcorne 
Sitodreoa  nanicea 
Cal and ridae 

Cnlandra  oryzae 
Cnrabidae 

Hamalus  rufipes 
Ceranbycidae 

Lophoooeum  timbouvee 
Cucujidae 

Laemophloeus  ferrugineus 
Laeroophloeus  .Janet  i 
Lsemophloeus  ninutus 
Leeraophloeus  rcodestus 
Curculionidae 

Anion  crotalrriae 
Cauloohilus  latinasus 
De  rneetidae 

Anthrenus  verbs scl 
Attagenus  oiceus 
Derma stes  Isrdsrius 
Eucnocerus  anthrenoides 
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Coleoptera 

Dernestldae 

Orphlnus  aethiopa 
Trogoaema  ornatum 
Trogoderma  ate  male 
Trogoderma  tars  ale 
Trogoderma  versicolor 
Mycetophagidae 

Tyohoea  atercorea 
Mylabrldae 

Mylabrla  ademotus 
Mylabrls  bixae 
Mylabrls  chlnensls 
Mylabrls  lncarnatus 
Mylabrla  pygmaeus 
Pachymerus  acaclae 
Pachymerus  fuacus 
Pachymerus  gonager 
Pachymerus  nucleorum 
Pachymerus  oallidus 
Oatomatldae 

Tenebroldes  naurltanlcus 
Platystoraldae 

Araecerue  fasclculatua 
Ftlnidae 

Glbbium  osylloides 
Hezium  affine 
Nlptus  hololeucus 
Ptlnus  fur 

Trlgonogenlus  globulus 
Bcolytldae 

Coccotrypes  dactylloerda 
Coccotrypes  noreirai 

14.  Dried  vegetables 
Orthootera 

Gryllulue  domestlcus 
Psocootera 

Troctes  dlvlnatorlue 
Lepiaootera 

Aohomia  soclella 
Athetls  clavloalpis 
Bactra  lanceolana 
Eohestln  kuohnlella 
Ere ch this 8  zebrlna 
Oegoconla  quadrlounctata 
Plodla  lnterpunctella 

15,  Fresh  potatoes 

I 

Le^idootera 

Acroleoia  nanganeutlB 


Scolytldae 

Hyoothenemus  so. 
Pnglocerus  frontalis 
Silvanldne 

Ahasverus  advene 
Oryzaeohilus  gossypll 
Oryzaephilua  surlnamensls 
Tenebrionldae 

AZ  hltoblus  diaoerlnus 
Gr  thocerus  moxlllosus 
Pylorus  deoresaus 
Tenobrlo  molitor 
Tenebrlo  obscurus 
Trlbollum  castaneum 
Trlbollum  confusum 
Trlbollum  destructor 
Thorlctldee 

Thorlctodes  heydenl 
Hyraenootera 

Forralcldae 

Solenoosla  gemlnntn 
Arachnlda 

Aleuroglyohus  ovatus 
Caloglyphus  rodlnnovl 
Glycyohagus  ralch^ell 
Glycyohagus  obesus 
Glycyohagus  robuatus 
Tyroglyohus  americanus 
Tyroelyohus  ferln«e 
Tyroglyohua  llntnerl 
Tyroohngus  dlnldlatus 
Tyroohagus  mycoohneus 


Leoldootera 

3ymmoca  slgnn telle 
Tinea  fusclounctella 
Coleootera 

Calandrldae 

Ca lend  re.  granarla 
Ptlnldae 

Glbblum  nsyllold^s 
Mezium  affine 
Ptlnus  fur 
Tenebrlonldae 

Trlbollum  confusum 


Leoldootera 

Eohestla  kuehnlella 


Lepidoptcra 

f  *  Opogonn  subcervinella 

Phthoriraaeg  operculella 
Phthorimaoa  plaesiosomn 
Xylomyges  eridania 
Co la opt era 

Bostrichidae 

Dinoderus  oblongouunctatu;3 
Dinoderua  pcrcellus 
Calandrldae 

Cnlnndra  oryzae 
Curculionidee 

Cauloohilus  latinnsus 
Cossonus  suturnlio 
Cylas  formlcarlus 

16.  Soices,  condiments,  etc. 


( 


( 


Orthoptern 

Bln ttnrine 

31abe rn  so. 

Periplnneta  americnna 
Perirlnneta  australasiae 
De rmnotern 

Prolabia  nrachidio 
Leoidootera 

Borkhausenia  pseudoanretelln 
Eoheatio  cautnllr. 

Col^ontem 

Anobildae 

Lnsiodernr.  aerricorne 
Sitodreoa  panlcen 
Bostrichidae 

Dinoderus  mlnutua 
C^landridae 

Calcndra  grannria 
Cnrabidac 

PlochlonuB  pollens 
Cle  rldre 

Wecrobia  ruflpea 
Thane roclerua  buquet 
Cryotophagldne 

’  Konoticus  cnlifornicus 


Cucujidae 

Lnomophloeua  ferrugineue 
Lnemoohloeua  minutus 
Lnonoohloeua  turcicus 
Curculionidae 

Cauloohllue  latinnsus 
Dcrne  at  lane 

Attngenus  oiceus 
Dormestea  cadnverlnus 


Oatomatidae 

Loohooatema  nusillua 
Platyatonldne 

Araeccrus  fasciculatua 
Scolytidae 

Hypothenemus  ritchei 
Silvnnidnc 

Aha  a  ve  r u  s  n d v o  n a 
Tnnebrionidae 

Tene brio  o’oacurus 
Dipt era 

Dro8onhiln  funnbrie 
Arachnid© 

Rhizoglyohus  echinopus 
Tyronhagua  rnycoohngua 


Dcrmeatidae 

Derm* ate s  lardnrius 
Trogoderma  3ternale 
Trogoderna  tnrenle 
Lyctidae 

Lyctus  africnnus 
Nitidulidae 

Carponhilua  dlmidiatus 
Oatomatidae 

Tenebroides  maurltanlcus 
Lophocateres  pusillus 
Pla tystonidae 

Araeccrus  fasciculatus 
Ptinidnc 

Gibblum  oaylloides 
Meziun  amerlcanum 
Ptlnus  fur 
Ptinus  tectu3 
Sphnerlcus  gibboides 
Scolytidae 

3tephanoderea  buscki 
Silvanidae 

Ahaaverus  odvenn 
Oryzperhllus  aurinnmenais 
Staohylinidoe 

Atheta  corinrla 
Philonthus  8ordidus 
Tenebrlonidae 

Gnnthocnrus  cornutua 
Gnathocerus  naxillosus 
Sitoohngua  hololeptoidea 
Tribollum  caetRneum 
Tribolium  confusum 
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Dlotera 

Drosophila  funebris 
Fannla  scalorls 
Leotocera. ep. 
Llni08lna  heteroneura 
Mydaea  sp. 


Dlptera 

Scatopse  fusclpes 
Sclara  annulata 
Arachnids 

Glycyohagus  domesticus 


17#  Oils,  fats,  waxes,  edible  or  Inedible. 


Thysanura 

Thermobia  dome st lea 
Orthortera 
Blattariae 

Blatta  orlentalls 
Ferlplaneta  australaslae 
Leoidootera 

Achrola  grl sella 
Cole opt era 
Anoblldae 

Lasloderma  serrlcorne 
Clerldae 

Necrobla  ruflcollls 
Necrobla  ruflpea 
Necrobla  violacea 

lg.  Dried  eggs. 

Coleootera 

Clerldae 

N<?crobia  rufipps 

19.  Dried  milk. 

i 

Coleoptera 

Anoblldae 

Sltodrepa  panlcea 
Clerldae 

Necrobla  ruflpes 
Dermest ldae 

Anthrenocerus  australis 
Attagenus  plceus 

20.  Cheese 

Orth  opt era 
Blattariae 

Blatta  orlentalls 
Coleoptera 
Cle  rldae 

Necrobla  ruflcollls 
Necrobla  ruflpes 
Necrobla  vlolacea 


Dernestldee 

Dermestes  lardarlus 
Ftinidae 

Gibbium  osylloides 
Nlptus  hololeupus 
Diotera 

Sarcoohapa  soc. 
Hymenootera 
Formlcldae 

Monoraorlum  florlcoln 
Monoraoriura  charaonls 
Solenopsls  geralnata 
Solenoosls  molests 
Solenopsls  xylonl 
Arachnlda 

Tyroohapus  nycoohagus 


Cole oot era 

Dermest ldae 

Attagenus  oelllo 


Dernestldee 

Trogoderma  versicolor 
Dlptera 

Drosoohlla  busckl 
Drosophila  reoleta 
Leotocera  caenosa 


Colecotera 

Derraestidao 

Anthrenus  fasciatus 
Anthrenus  vorax 
Dermestes  cadaverlnus 
Dermestes  frischl 
Dermestes  lardarlus 
Dermestes  vulolnus 
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Coleoptera 

Pt'inidae 

Glbbium  boleldieui 

Dlotera 

Fannia  canlcularis 
Ploohlla  easel 
Sarcophaga  spp. 
Arachnlda 

Carpoglyphus  anonynus 
21.  Chocolate 


Arachnlda 

Glycyphsgus  domestlcus 
Tyroglyphus  farlnae 
Tyroglyphus  llntnerl 
Tyroglyphus  slro 
Tyroglyphus  termlnalls 
Tyrophagus  mycopyngus 
Tyroohagus  outre scentlae 


Lepldoptera 

Corcyra  cephalonlca 
Eohestia  elutella 
Enhestla  kuehnlella 
Plodla  interounctella 
Pyralls  raanlhotalls 
Coleootera 
Anoblldae 

Sltodrepa  panlcea 


Coleootera 

Derraestidae 

Derraester  lardarlus 
Lathrldlidne 

Holooaramecus  depressus 
Ptlnldne 

Ftlnus  tectus 
Tenebrlonldae 

Alohltoblus  alnoerlnus 


B.  Equlnment  and  suoolles  and  their  raw  materials. 

1.  Textiles  and  other  materials  from  natural  cellulose  fibres. 


Thysanura 

Ctenolepisma  urbana 
Thermobln  aegyptlaca 
The  mob  la  dome  st  lea 
Orthoptera 

Gryllacrlo  sachellensls 
Gryllodes  slglllatus 
Gryllus  asslmllls 
Blattella  germanlca 
Leucophnea  maderae 
Perlplaneta  araerlcana 
De rmaptern 

Forflcula  aurlcularla 
Isoptera 

Mastotemltldae 

Hastoterraes  darwlnlensls 
Rhlnotemitldae 

Retlculltermea  flavipes 
Termltldae 

Hasutlteraes  eohratae 
Trlchoptera 

'  Anabolia  laevls 
Anabolla  nervosa 
Gramma t aul lu s  at omn  r 1 u s 
Llmnophllus  flavlcornl3 
Llmnophllus  lunatua 
Llmnophllus  rhomblcus 


Lepldoptera 

Athetls  clavlnalols 
Borkhausenla  oseudosoretall 
Cole ootera 
Anoblldae 

Anoblum  ounctatum 
Neogastrallus  llbrlnocens 
Sltodrepa  panlcea 
Bostrlchldae 

Dlnoderus  nlnutus 
De rmestldae 

Anthrenus  fasclatus 
Omhlnus  aethloos 
Ptlnldae 

Nlotus  hololeucus 
Ptlnus  fur 
Ptlnus  tectus 
Dlptera 

Syrphld  larvae 
Hymenoptera 
Formlcldae 

Monomorlum  destructor 
Solenopsls  gemlnata 
Solenopsis  xylonl 
Solenoosls  xylonl  var. 

manlosa 

Taplnoraa  raelanoceohnlum 
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2.  Paner  end  books. 
Thysanura 

Cfcenoleoisma  lonfficaudet* 
Ctcnoleolsraa  tarprionii 
Ctenoleoisma  urban* 

Leo  ism*  saccharine 
Thermobin  domestic* 
Orthootem 

G-ryllacris  aechellensis 
Gryl lulus  domestlcus 
Blatta  concinna 
Blattelln  f?ernanica 
Neostylonypra  rhomb  1  folia 
Ferl pin note  emericana 
Perlolnneta  nustralr.aiae 
Suoelln  auoellectlliurn 
Ieootera 

Hodot^rmltldae 

Hod o terries  son, 

Rhlnoterml tldne 

Coototermes  truncatus 
Frorhlnotorme 8  lnooinntus 
Reticulitermes  flavines 
Rhinotermoa  trnnaluceus 
Paocootern 

Looinotus  lnqulllnus 
Trocte8  divlnetorius 
Lcoldootera 

Borkhausenia  oseudosoretclln 
Eoheatla  c«utelln 
Eph^atia  elutella 
rlodla  interounctellc 
Coleootern 
Anobiidae 

Anoblun  ounctstum 
Cntornma  bibliotheca rum 

3.  Artificial  a Ilk  and  rryon 
Thysrnuro 

Ctenoleoiema  llneatn 
.  Ctenoleolsmn  longicaudata 

Ctenoleolama  urbana 
Thormobia  dome  at lea 
Orthortera 

Gryllulua  domosticus 
Gryllulua  servlllel 

4.  Cellophane 
Thysanura 

Ctenolepisme  quadriserlata 
Isootera 

Rhlnotermltidne 

Reticulltemes  flavines 


Anobiidae 

Cntorama  herbarium 
Ei-nobius  mollis 
Gastrallus  indicus 
Dorcatomn  blbilonhapoim 
Dor ca tone,  son, 

Lasiodema  serrlcorne 
Neogaatrellua  llbrlnocens 
Nicobium  castaneum 
Sltodrena  panicea 
Boetrichidne 
Paoa  dubla 

Rhizopertha  domlnlca 
Celandridae 

Calandra  praneria 
Calandra  ory.toe 
Derm^atldae 

Anthrenua  muse o rum 
Attnpenus  oleeus 
Thylodrlas  contractus 
Mylabrldae 

Uylabrls  macula tus 
Mylnbrla  obtectuB 
‘•'stoma  tidae 

Tenebroldea  naurltnnicus 
■rtlnidae 

Niotus  hololeucus 
rtinua  hlrtellu8 
Tenebrlonldae 

Alphltoblus  ova tus 
Trnebrio  molltor 


Leoidootera 

Athetls  clavlrtfliois 
Coleortara 
Dernestldae 

Anthrenua  fasclatua 
Ftinldae 

Niotus  hololeucus 


Coleootera 

Anobiidae 

Las lode ms  serrlcorne 
Ftinldae 

Ptlnus  tectu9 
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5.  Wool,  fur  and  feathers 


Orthoptera 

Gryllulus  domestlcus 
Gryllulus  servlllel 
Gryllus  asslmllls 
31atta  orlentalls 
De map  t  era 

Forflcula  auricularia 
Fsoccctera 

Troglura  pulsatorium 
Leoidoptera 

Athetls  clavlPalois 
3orkhau3enla  oseudoepre tella 
Endrosls  lacteella 
Monopls  croclcaoitella 
Monopls  dlcycla 
Monopls  ethelella 
Monopls  ferruglnellR 
Monopls  lmella 
Monools  monachella 
Monopls  rustlcella 
Setomorpha  lnsectella 
Setomorpha  rutella 
Setomorpha  tlneoldes 
Tinea  fusciounctellc 
Tinea  laoella 
Tinea  ooslgona 
Tinea  oachysoila 
Tinea  pallescentelln 
Tinea  semlfulvclla 
Tinea  vaetella 
Tlneola  biselllella 
Tlneoln  ^alslnghaml 
Trlchoohaga  taoetzella 
Coleoptera 
Anoblldae 

Catornma  herbarium 
Lasloderma  serrlcorne 


6.  Leather 

Orthootera 

Gryllulus  desertus 
Blatta  orlentalls 
Isontera 

i.if’stotermitidae 

Mestotermes  darwlnlensls 
Le placet era 

Tinea  fusclpunctella 


Dermestldae 

Aethrlostome  glorlosae 
Anthrenocerus  australis 
Anthrenus  fasclatus 
Anthrenus  fuscus 
Anthrenus  museorum 
Anthrenus  nebulosus 
Anthrenus  olmpinellae 
Anthrenus  scrophulerlae 
Anthrenus  verbasol 
Anthrenus  vorex 
Attagenus  jeponlcus 
Attagenus  pelllo 
Attagenus  ulceus 
Attagunus  olebejus 
Derm°8tes  cadsverlnus 
Derraestes  frlschl 
Demestes  murlnus 
Thylodriaa  contractus 
Trogoderma  ornatum 
Trogoderma  sternnle 
Trogoderma  tarsale 
Trogoderna  versicolor 
Ftlnidae 

Glbblum  psylloldes 
Mezlum  amerlcanum 
Nlptus  hololeucus 
Ptlnus  fur 
Ftlnus  hirtellus 
Tenebrlonlaae 

Tenebrlo  molltor 
Trlbollura  cnstaneum 
Dlotera 

Plophlla  easel 
Hymc noptera 
Formlclaae 

Solenopsls  xylonl 
Arachnlda 

Glycyohngus  domestlcus 


Coleontera 

Anoblldae 

Sltooreoa  pnnlcea 
Bostrlchidre 

Rhizooerthe  dominlca 
Dermestidae 

Anthrenus  fasclatus 
At t a genus  byturoldee 
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Coleoptera 

Dermegtidae 

Attagenus  olceus 
Dermeetes  cadnverlnus 
Dermestes  lardarlus 
Trogoderma  ornatum 
Trogoderma  sternale 

7.  Hides. 


Derraestldae 

Trogoderma  versicolor 
Ftinidae 

Glbblum  osylloides 
Nlotus  hololeucus 
Ptlnus  fur. 


Isootera 

Mestotermitldae 

Mnstotermes  darwlnlensls 
Lepldortera 

Blaetobasls  llgnea 
Borkhausenla  oaeudosore tella 
Endrosls  lacteella 
Monoois  ethelella 
Wonopls  monachal In 
Tinea  ralsella 
Tinea  oellescentella 
Trlchoohaga  tapetzella 
Coleoptera 
Clerldae 

Corynetes  cncruleus 
Necrobla  ru fines 
Cryptonhogldae 

Cryptophagus  acute  no-ulus 
Dernestldae 

Anthrenocerus  australis 


Dermestidae 
Anthrenus 
Anthrenus 
Derme  stes 
Dermestes 
De rmestes 
Dermestes 
Dermestes 
Dermestes 
Trogoderma 
Ftlnldae 

Glbblum  boleldleul 
Ptlnus  fur 
Ptlnus  hlrtellus 
Tlonus  unlcolor 
Tenebrlonidae 

Alchltoblus  dlnoerlnus 

Dlptera 

Floohila  easel 


fasclatus 

museorura 

carnlvorus 

frlschl 

lprdarlus 

murlnus 

oblongus 

vulnlnus 

tarsele 


8.  True  silk. 


Thy sanura 

Thormobla  dome st lea 
De  map  torn 

Forflcula  aurlcularlsi 

Isootera 

Mestotermitldae 

Magtoteraes  darwlnlensls 
Leoldoptern 

Tinea  oelllonella 
Coleootera 
Anobllaae 

Lasloderms  serrlcorne 
Dermestidae 

Anthrenus  fasclatus 
Anthrenus  verba 8 cl 
Anthrenus  vorax 

9.  Natural  sconges. 


De rmestldae 

Attagenus  Jaoonlcus 
Attpgenus  plceus 
Dermestes  cadaverlnus 
Dermestes  frlschl 
Dermestes  oblonerus 
Dermestes  undulatus 
Thylodrlas  contractus 
Trogoderma  sterna le 
Ostona tldae 

Tenebrolaes  naurltanlcus 
Ptlnldae 

Nlotus  hololeucus 
Hy  me  norite  ra 
Formlcldae 

Solenoosls  xylonl 
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9.  Natural  sponges 


i 


Coleootera 
Derae  stldae 

Anthrenus  fasclatus 
Dernestes  friscfrl- 


De rme  stldae 

Dernestes  lardarlus 
Ftlnldae 

Nlptus  hololeucus 


10.  Starch  pastes  and  finishes. 


Thysanura 

Ctenolepisraa  longicaudata 
Ctenoleolsma  quadrlserlata 
Leplsma  saccharlna 
Thermobla  donestlca 
Orthontera 

Blpttella  gemanicn 


OrthoDtere 

Parcoblatta  oensylvsnlea 
Periolaneta  americana 
Per loin net a  australaslae 
Cole ont era 
Ftlnldae 

Gibbiura  psylloides 


11.  Glue  and  casein  onsteB  and  finishes. 


Thysanura 

Ctenolenlsma  quadrlserlata 
Orthontera 

Pycnoscelue  surlnamensis 
Fsocootera 

Trogium  pulsatorium 
Leoidootera 

Nemapogon  granella 
Tineola  bleelllella 
Coleontera 
Anobilaae 

Gastrallus  laticolliR 


Cleridae 

Corynetes  c.aeruleus 
Dermestldae 

Anthrenus  vorax 
Attagenus  oelllo 
Attagenus  plceus 
Dernestes  vuloinus 
Lathrldlldae 

Eufallla  unic'oetata 
Ptlnidae 

Nlptus  hololeucus 
Ftlnus  te.ctus 


12.  Plastic  and  resin  pastes  and  finishes. 


Thysanura 

Leplsma  saccharlna 

13.  Vegetable  ivory. 

Coleoptera 

Scolytldae 

Coccotrypes  dactylioer&a 
Coccotryoes  norelral 

14.  Rubber 

Isootera 

Rhlnotermitldae 

Copt ote rme s  niger 
Termit idae 

Nasutitermes  enhratae 
Coleontera 
Ftlnldae 

Glbbium  psylloides 


Coleontera 

Anobiidae 

Sitourepa  nanicea 


Hyne non tern 
Formicldae 

Monomoriun  destructor 
Mononbriura  gracilllmum  var. 
Monomoriun  la t inode  (meyrl 
Bolenoosis  geninata 
Solenoosis  xyloni 
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15- 


Felt. 


Isoptera 

Ternltldae 

Mlcrotermes  sudanenels 
Termes  pauperans 

16.  Photographic  emulsions 
Thysanura 

Ct^noleplsina  longlcaudata 

17.  Nylon. 

Leoldontera 

Tinea  oellionella 

C.  Materials  of  construction. 

1.  Wood  and  wood  products, 

Orthontera 

Gryl lulus  deeertus 
Gryllulus  domestlcus 

Isontera 

Kalotermltldae 

Kalotermes  falrchlldl 
Knlotermes  brevis 
Kalotermes  buxtonl 
Kalotermes  cynocenhalue 
Kalotermes  domestlcus 
Kalotermes  havllandl 
Kalotermes  lamanlanus 
Kalotermes  pal Ildus 
Kalotermes  plceatus 
Kalotermes  pseudobrevis 
Kalotermes  secundus 
Kalotermes  (Cryototemes) 
Kalotermes  (Cryptotermes) 
Kalotermes  (Glyptoterme e) 
pubescens 

Kalotermes  approximate 
Kalotermes  clevelandl 
Kalotermes  condonensls 
Kalotermes  flavlcollls 
Kalotermes  hubbardl 
Kalotermes  narclnlpennis 
Kalotermes  minor 
Kalotermes  olatycephalus 
Kalotermes  renandus 
Kalotermes  schwa rzl 
Kalotermes  snyderl 
Kalotermes  longlcollls 


Including  plywood. 

Kalotermltldae 

Kalotermes  assmuthl 
Kalotermes  castaneus 
Kalotemes  slmrllclcornls 
Kalotermes  dudleyl 
Forotermes  adansonl 
Zootemoosls  aurustlcollls 

Mastotemltldao 

Mastoternes  dorwlnlensls 

Rhinotermltldae 

Coptotermes  aclnaclfornls 
Coptotermes  amanll 
Coptotermes  ceylonlcus 
Coptotermes  crassuB 
Coototermes  fomosanus 
Coptotermes  frenchl 
Coptotermes  grandlceps 
0  Coptotermes  havllandl 

Coptotermes  helml 
Coptotermes  Javanlcus 
Coptotermes  lacteus 
Coptotermes  marabltanus 
Coptotermes  nlger 
Contoternee  rarvulus 
Cortotermes  raffrnyl 
Coptotermes  sj03tedtl 
Coptotermes  solomonensls 
Coptotermes  testaceus 
Cortotermes  travians 
Coptotermes  truncatus 
Coptotemer,  va stator 
Leucotemes  aureus 


207 


Isoptera 

Hhlnoternitldae 

Leueotermea  ccylonicue 
Leueotermea  convexlnotatua 
Leueotermea  ferox 
Leucotermes  indicola 
Leucotci'nea  philiooinenaia 
Leueotermea  tennis 
Prorhinotermes  canalifrons 
Pro rhi note rues  inouinntus 
Prorhinotermes  luzonenals 
Ffinmnotormea  nllocerus 
Rcticulitemoa  chinenais 
Retlculiternes  claripennis 
Reticulitermea  flaviceps 
Retlculiternes  flnviDea 
Reticulltermea  hngeni 
Retlculiternes  hecoerus 
Retlculiternes  huinilia 
Retlculiternes  lucifugua 
Retlculiternes  sneratus 
Retlculiternes  tibialis 
Reticuliternoa  vlrglnlcua 
Rhlnotemes  internedlus 
Rhlnotermcs  nalrccensis 
Rhlnotcrnca  outorlua 
Rhlnotemea  trmalucens 
Ternltldae 

Acanthotem#s  mllltarls 
Aeon thote  uses  nlnor 
Amite  me  a  cnolto 
Amite mes  elongetua 
Amlternea  minimus 
Aniternea  obeuntls 
Anltemea  wheoleri 
Anclatrotcrnos  amohldon 
Anclotroterr.cs  frulncensls 
Anclstrotemes  periphrasis 
Cornltemes  strlntus 
Hacroternes  belllcosus 
liacrotermes  nntalensls 
Uacrotermes  nigerlensls 
Macroternes  awnzlae 
Mac rot erne 8  ukuzll 
iiacrotermoG  u3utu 
Hacrotermea  gilvua 
Mlcrocerotemea  hnvilendi 
Hie roce rote rne s  helni 
Mi croce rote me s  los-baniensie 
Mi croce rote rne s  nervoeua 
Microtomes  obesl 
Elcroternes  sudanonsls 
!!iroterme3  melvillenais 


Tcmitidae 

Miroternes  langi 
Wasutltemes  olidua 
Nasutiterme8  usambarlensia 
Nnautiterraes  yandlniensis 
Nasutiteinea  ceylonicus 
Nneutitermes  corniprer 
Nasutltemes  costaiis 
Neautiterae a  eohratae 
Neautltemea  exitlosus 
Nnputitermes  lpcustrls 
Naputitermep  luzonicua 
Nnautitemes  m^tangen9ls 
Naoutitermea  nigricans 
Nasutitemes  rlunertl 
Nasutl  terries  voeltzkowi 
Nasutlterraea  leucoma 
Nasutitermea  nexiennua 
Nftputitemes  zeteki 
Naputiternes  ibidanlcua 
Synncanthoterne a  z»nzlberer 
Ternea  sr>. 

Ternea  badlus 
Ternea  tranavnalenal 8 
Terries  formosnnua 
Ternea  redennnni 
Termrs  obacurlcems 
Termee  ceylonlcup 
Tomes  feae 
Tomes  horni 
Terr.ee  latericiua 
Ternea  nmioerana 
Trichontora 

Hydronayche  lenldn 
Hydrorayche  ornetule 
Hydrooayche  melluclde 
Nerueclloala  binaculat* 
Coleootern 
Anobiidae 

Anobiura  nngnun 
Anoblun  nunct^tum 
Calynmaderus  capuclnua 
Calynnaderua  Inc i sup 
Calymmaderua  obloncrua 
Catorana  herbarium 
Coelo8tethua  truncatua 
Dorcatoraa  sno. 

Ernobius  mollia 
Euocctus  oblongua 
Hodrobregmue  c^rinatus 
Hadrobregmua  deatructor 
Hodrobregmue  gibbicollls 
Hedobia  imperial is 
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Coleoptera 

Anobiidae 

Nicobiura  castaneum 
Ochlna  otlnoides 
Ollgoraerus  obtueue 
Oil gome rus  ptilinoidea 
Fla tybregmus  canadensis 
Ptlllnus  pectlnlcornl8 
Tryoopltys  carpi nl 
Trypopltys  punctatus 
Xestoblum  rufavllloeum 
Xyletlnus  oeltatus 
3ostrl chldae 

Amohlcerus  anobloldee 
Araphlcerus  haraatue 
Anatldes  fortis 
Aooleon  edax 


Bostrychoplites  cornu tus 
Boat rychonll tee  oroductus 
Bo3trychopsla  bengelensle 
Bo8trychooel8  oaralleln 
Bo8trychue  canucinus 
Boetrlchus  cyllndrlcue 
Calopertha  truncntula 
Dlnoderus  blforveolntus 
brevis 
favosus 
mlputus 
ocellnrla 
ep. 


Dlnoderus 
Dlnoderus 
Dlnoderus 
Dlnoderus 
Dlnoderus  __ 
Hetcroboatrychue 
He  t e  robo  s  t  ry chu  e 
Heterobostrychus 
Heterobostrychus 

Heterobostrychus  _ 

Hlcrapatc  broslllensis 
Micronate  punctlcollls 
Folycaon  etoutl 
Frosteohanus  ounctntus 
Frosteohanus  truncatue 
Fson  viennensis 
Rhlzoperthn  donlnlca 
Scoblcla  decllvls 
Slnoxylon  nnnle 
Slnoxylon  cemtonlae 
Slnoxylon  conlgerum 
3lnoxylon  ernssura 
Slnoxylon  lndlcum 
Slnoxylon  pubens 
Slnoxylon  ougnr.x 
Slnoxylon  senegnlense 


nooualls 

brunneua 

banatloennl 

plleatus 

unicornis 


s 
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Bos trl chldae 

Slnoxylon  sexdentatum 
Slnoxylon  sudonicum 
Slnoxylon  tlgnarium 
Tetraoriocera  lonrlcornls 
Xylion  adu8tua 
Xylion  cyllndrlcum 
Xylobions  bnsilnre 
Xylonertha  crlnltarsls 
Xylonertha  oicea 
Xylonerth odes  nltidloennls 
Xyloosocus  canucinus 
Xylonsocua  r»duln 
Xyloosocus  sellntus 
Xylothrlos  flcvlppe 
Xylothrlos  rollgiosus 
Bunrestldae 

Buore3tis  nurulenta 
Bunrestie  fas  data 
Buorestl s  laevlventrls 
Bunrestls  ruflnes 
Chrysobothrls  octocnla 
Chrysochroa  an. 

Chrysoohana  nlacida 
Fromhorrs  nurantlonj ctus 
Trachykcle  son. 

01«*ndridae 

Myocalandra  elongate 
Cerambycldae 

Acanthoclnus  ncdllla 
Acolcsthee  holoaorlcea 
Ambeodontls  trl«tls 
Aseraura  strlntlnun 
Callldlura  antornatum 
Cnllidlura  violsceum 
Chlon  clnctus 
Chloroohorus  annularis 
Crlocenhalus  ruetlcue 
Cyllene  caryee 
Dihanmus  elonpratus 
Diorthus  clncrous 
Eburla  quadripenlnata 
Ergaten  faber 
Ergates  soiculotus 
G-racilia  mlnuta 
Hy  lot  runes  ba  .lulus 
Leotiden  brevlnennls 
Lentura  rubra 
Megaderus  stigma 
Merium  oroteus 
Mesosa  lndlca 
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Coleoptera 

Cerambycldae 

Necydalls  indlca 
Neoclytua  caorea 
Neoclytus  erythroceohalus 
Nooclytus  rufus 
Oeme  costata 
Oeme  rlgida 
Oeme  strangulate 
Orthosoraa  brunneum 
Parrndra  brunnea 
Phynatodes  dlmldlatus 
Phymetodes  llvidum 
Phymetodes  testaceus 
Prlonus  callfornlcu8 
3modicum  cucujiforme 
Sohenostethus  taslel 
Stromatlum  barbaturn 
Stroma tlura  fulvura 
Stromatlum  longlcorne 
Tetroolum  cestnneum 
Trachyderes  succlnctus 
Tragoeoraa  harrlsll 
Clerldae 

Oollo  doraeetlcus 
Cryotoohagldae 

Cryotoohagus  acutangulus 
Curcullonldae 

Coa8onu8  oarallelonloedue 
Dryotrlbus  mlmetlcus 
Ereraotes  oorcatus 
Gononotus  angullcollls 
Hexarthrum  ulkel 
PselActus  snadlx 
Rhyncolus  cullnarln 
Stenoscells  brevis 
Xenocnema  solnloes 
Dermestldae 

Derraestea  lprdorlus 
Dernestea  oeruvlanuc 
Dermestofl  vulolnus 
Lyctldae 

Lyctoxylon  convlctor 
Lyctoxylon  Japonum 
Lycti\8  afrlcanu8 
Lyctua  brunneus 
Lyctus  carbonarlua 
Lyctus  carlbeanus 
Lyctus  cavlcollis 
Lyctus  linearis 


Lyctldae 

Lyctus  malayanue 
Lyctus  opa cuius 
Lyctus  olanicollis 
Lyctus  ^ubeocena 
Lyctus  sinensis 
Lyctus  tomentosus 
Lyctus  vlll08us 
Win the a  ruglcollis 
Mlnthea  sauamlgera 
Trogoxylon  aequale 
Trogoxylon  aurlculatum 
Trogoxylon  lmoressum 
Trogoxylon  mrallelonloedir 
Trogoxylon  solnlfrone 
Lymexylonidce 

Lymexylon  navale 
Atractocerus  brevlcornls 
Atractoceros  braslllensla 
Melandryldae 

Serrooalous  barbatus 
Mlcronalthldne 

Mlcromalthus  debllls 
Oedenerldne 

Caloous  serratlcornls 
Cooldlta  bicolor 
Dltylus  laevls 
Dltylus  quadrlcollls 
Nacerda  melanura 
Ostoraatldae 

Tenebroldes  maurltanlcus 
Flatyoodidae 

Crossotarsus  trrevllleae 
Platyous  altemans 
Platyous  leoldus 
Platyous  nulsanti 
Platypus  omnlvorus 
Flatypus  ratzeburgi 
Platyous  suffodlene 
Ftinldae 

Glbbium  osylloldes 
Mezlun  affine 
Ptlnus  tectus 
Ptlnus  vllliger 
Tipnus  unicol or 
Scolytldae 

Hylocurue  lane-stonl 
Xyleborus  afflnls 
Xyleborus  badlus 
Xyleborus  cognatus 
Xyleborus  confusus 
Xyleborus  fornlcatus 
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Scolytidge 

Xyleborus  fuscatus 
Xyleborus  interjectus 
Xyleborus  intersetosus 
Xyleborus  krantzl 
Xyleborus  latlcollis 
Xyleborus  obraeus 
Xyleborus  senlprranosus 
Xyleborus  tegalensls 
Xyleborus  torquatus 
Xyloterus  11  neat  us 
Sllvanldae 

Sllve.nus  trlvlalls 
Tenebrlonldae 

Strongylium  erythroceohahurn 
Tenebrio  molltor 
Hymen out era 

E,  lades  nigricornls 
Llthurffus  albof lmbrlatus 
Slrex  areolatus 
Slrex  gigas 
Slrex  noctlllo 
Stlgraus  fulvicornls 

2.  Compo  board  and  wall  board. 

<*. 

Is opt era 

Kalotermltldae 

Kalotermos  brevis 


Hymenootera 

Xylocopa  aeneloe  finis 
Xylocopa  aestuans 
Xylocona  aurlnennls 
Xylocopa  callfornlca 
Xylocopa  dlsslmllls 
Xylocopa  iridipennls 
Xylocopa  latipes 
Xylocopa  orpifex 
Xylocopa  sp. 

Xylocopa  tenulscapa 
Xylocopa  vertl calls 
Xylocopa  vlolacea 
Xylocopa.  vircinica 
Formicldoe 

Canoonotus  herculennus 
Cnmronotue  levlgntus 
Camponotus  ranculntus. 
Camponotus  ruflpes 
Camponotus  senex  vnr.  mus 
La Pius  fullglnosus 


Hynenoptera 

Formlcldae 

Uonomorium  destructor 


3.  Concrete 


Isoptera 

Rhlnoternltidae 

Coptotermes  truncatus 
Leucotermea. tennis 

4.  Asphalt. 

Coleoptera 

Sostrichidae 

Scoblcia  declivls 

D.  Metals. 

1.  Lend 

Isoptera 

Rhlnoternltidae 

Coptotermes  niger 
Leucotermea  tennis 
Reticulitermes  flavipes 


Coleoptera 

Boat rich idae 

Amohic^rus  bimoculetus 
Bostrychopsl8  Jesuits 
Bostrychus  cnpuclnus 
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Coleoptera 

Bostrichldae 

Bostrichus  cylindricus 
Micraoate  brasillensis 
Scoblcia  decllvis 
Scobicia  oustulata 
Sinoxylon  ruficorne 
Slnoxylon  sexdentatura 
Xylopertha  sp. 
Xylopsocus  gibbicollis 
Buorestidae 

Buorestis  Japonensis 
Ce rambycldae 

Callidium  antennatura 
Eburia  quadrigeminata 
Hylotruoes  bajulus 
Megaderus  stigma 
lionochamus  confusor 
Pyrrhidium  sangulneum 
T^tropium  gabrleli 

2.  Aluminum. 


Leoidootera 

Eohestia  cautella 
Ephestia  elutella 
Piodia  interounctella 

3.  Copoer 

Coleoptera 

Bostrichldae 

Spobicia  decllvis 

4.  Tin 

Isootera 

Rhinotermitidae 

Reticullterme8  flavipes 

Leoidootera 

Eohestia  cautella 
Ephestia  elutella 
Flodia  interpunctella 
Coleootera 

3ostrlchldae 

Heterobostrychus  ae quails 

5.  Other  metals. 


Coleoptera 
Derne  stidae 

Dermestes  lardariu* 
Dermestes  oeruvinnus 
Lyctldae 

Lyctus  brunneus 
Lyctus  canaliculetus 
Lyctus  son. 

Hinthea  rutrlcollis 
Ptinidae 

Ftinue  sexounctatus 
Scolytidae 

Micrneis  hirtellus 
Hyraenoptera 

Sirex  gigas 
Xylocoon  la tires 
XyZocooa  so. 
Formlcidae 

Monomorlum  destructor 


Coleootera 

Lyctldae 

Lyctus  brunneus 


Coleoptera. 

Dermestldne 

Dermestes  lardarius 
Dermestes  oeruvlanus 
Hyraenootera 

Sirex  gigas 


Hymenoptera 

Sirex  gigas 


i 
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E.  Houses  and  storage  buildings,  ate. 


Thysanura 

Acrotelsa  collarls 
Ctenoleplsma  cillata 
Ctenolepisraa  longicaudata 
Ctenoleoisraa  targionli 
Lepiema  lat ithoracica 
Orthoptera 

Amphlacusta  carlbbea 
Gryllus  oceanlcus 
Blattella  vaga 
Cutilla  soror 
Eoblatta  notulata 
Leucophaea  maderae 
Neostylopyga  rhomb! folia 
Pycnoscelus  surinanensis 
Dermaptera 

Prolabia  erachidis 
Psocoptera 

Dorypteryx  pallida 
Lncheeilla  pedleulnria 
Lepinotus  inquillnus 
Lepinotus  patruells 
Lepinotus  reticulatus 
Myooocnema  annulata 
Nymohopsocus  destructor 
Psyllipsocus  rnmburi 
Pteroxnnlura  squamosum 
Rhyopsocopais  peregrlnus 
Troctes  corrode ns 
Troctes  virgulatus 
Leoldootera 

Dryadaula  pnetolin 
Hadena  bnsilinea 
Tinea  lapella 
Coleoptem 
Anobiidae 

Tryoonitys  cnrpinl 
Bostrlchidae 

Heteroboatrychus  pileatus 
Cryptoohagidae 

Cryptophapus  acutangulus 
Dome  stidae 

Attagenus  alfierll 
Lathridiidao 

Cartodere  elegans 
Cartodere  elongate 
Coninomus  constrictus 
Coninomus  nodlfer 
Corticaria  cillata 
Cortlcarla  crenicollls 


Coleoptora 

Lathridiidae 

Corticaria  crenulata 
Corticaria  elongate 
Corticaria  fulva 
Corticaria  imoressn 
Corticaria  longicollis 
Corticaria  oubescens 
Corticaria  serrate 
Enicmus  minutus 
Euchionellus  albofasclatus 
Lathridlus  bergrothi 
Lnthridius  ruglcollis 
Lyctidae 

Minthea  ruglcollis 
Ftinidae 

CUbbiura  boieldieui 
Crlbblum  psylloldes 
Mezium  affine 
Mezium  nmericanurn 
Niptus  hololeucus 
Ptinus  biclnctu8 
Ptlnus  exulans 
Ptinus  fur 
Ptinus  hlrtellus 
Ftinus  latro 
Ptinus  pusillus 
Ptinus  raptor 
Ptinus  sexpunctntus 
Ptinus  subpilosus 
Ptinus  tectus 
Ptinus  vllliger 
Tinnus  unicolor 
Triponogenius  globulus 
Silvanidae 

Nnuslblus  clnvicornls 
Staphylinidne 

Oil got a  prana r in 
Xylodromus  oonclnnus 
Tenebrionldoe 

Birrs  mucronrtn 
Mesonorphus  villiger 
Paloruo  depressus 
Diptern 

Byomya  sorbeus 
Drosophila  immigrnne 
Drosophila  obscura 
Mu sea  nebulo 
Musca  vetustissimn 
liusen.  yerburyi 


Hymen opt era 
Formic idae 

Cannonotua  compressus 
Camponotus  consobrinus 
Canponotus  herculaanus 
Camponotus  irritans 
Camponotus  langi 
Canmonotus  nigripes 
Camoonotus  punctulatus 
Crematogaster  llneolata 
Dolichoderus  bltuberculatue 
Dorynymex  oy rami cue 
Formica  cine re a 
Irldomyrmex  a nails 
Iridomyrmex  anceos  var. 
oaounna 

Iridomyrmex  domestica 
Iridomyrmex  glaber 
Iridomyrmex  iniauus  vnr. 
nigellus 

Lasiue  interjectus 
Liometooura  apiculatun 
occldentale 
Ilonomoriun  florlcola 
Monomorlum  fraterculum 
Monomorlum  ilia 
Monomorlum  latlnode 


F.  Miscellaneous 
1.  Drugs. 

Lepldoptera 

Plodla  lnterounctella 
Coleoptern 
Anobildae 

Lcsloderma  serrlcorne 
Sltodrcpa  oanicea 
Bostrlchldae 

Dlnoderue  blfoveolatus 
Dinode rua  ralnutus 
Fhlzooertha  dominion 
Lnthrldlldae 

Cartodere  argus 
Cartodere  costulatn 
Euchionellus  albofasclatuF. 
ctidac 

Lyctus  africanus 


Formic idee 

Monomorlum  minimum 
Monomorlum  ni  nut  uni 
Monomorlum  oharaonls 
Farntrechlne  botirbonlca 
bengalensia 

Fe rot re china  lonpicornls 
Fa rat re china  obscurn 
Faratrechina  vega 
Fnrat re china  vividula 
Fheidole  Javana 
Fheidole  megaceoholn 
Fheidole  oceanica 
Frenolenls  fulvn 
Solenoosis  cortic.alls 
amazonica 

Solenoosis  moleeta 
Solenoosis  xyloni 
Solenoosis  xyloni  var. 
mnnlosa 

Taolnoma  melanocenhalura 
Taolnoma  eesalle 
Taolnoma  slrarothl 
Technomyrnex  de torque ns 
Tetramorlum  cne sol turn 
Tetramorlun  guinea nse 
Tetrnnorlun  slnlllimum 
Trierlyohothrix  striatldens 
Arachnid a 

Derma nyssus  gnllinne 
G-lycynhagus  dome 8 1 leu s 


Nitldulldae 

Carooohilus  decloicns 
Carooohilus  aimldlntue 
Camophilus  nutilatuo 
Flatystonidae 

Araecerua  fasclculntus 
Ftinlda.e 

Niotus  hololeucus 
Ftinus  hirtellus 
Ftlnus  tectus 
Silvnnldae 

0ryzaephilu3  surinanensls 
Tenebrionldne 

Aoh^notus  oerallelus 
Arachnida 

3-lycyohagus  dome stlcus 
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2.  Animal  Substances. 
Thyssnura 

Ctenolepicma  lonplcaudata 
Dermaotera 

!  Anlsolabls  annulioes 

Isoptera 

Mastotermltidae 

Mastotermes  darwiniensis 
rsocoptera 

Troctes  divinatorius 
Leoidootera 

Ephestia  calidella 
ilonopis  rust  ice  11a 
liyelois  corntonlae 
Sctomoroha  insectella 
Setomoroha  rutella 
Tinea  fu3clounctella 
Trlchorhapa  abrupt el la 
Coleoptera 
Anobiidae 

Sltodreoa  nanicea 
Cleridae 

Corynetes  caeruleus 
Nccrobia  ruflcollis 
Necrobla  rufloes 
Nccrobia  vlolacea 
Opilo  doraesticus 
Dernestidae 

Anthrenus  fuscus 
Anthrcnus  nuseorum 
Anthrenus  nebulosus 
Anthrenus  verbascl 
Anthrenus  vorax 
Attapenus  byturoldes 
Attapenus  Japonicus 
Dernestes  cafiavcrlnus 
Derma stes  coarctatus 
Dermeetes  frlachi 
Derraestes  lordarlus 
Dermostes  vorax 

3.  riant  substances. 
Thysanura 

Ctcnolcpisma  lonfrlcaudata 
Lcplama  saccharins 

Isoptera 

Mrs tote rmitidae 

Mnstoteraee  darwiniensis 


Dc rmestidae 

Dermestes  vulninus 
Entomotropus  neeptomoidos 
Hepatoma  v«ria 
Trinodes  hirtus 
Trogoderma  versicolor 
Nitidulidae 

Nitidula  birunctota 
Ostomatidae 

Tenebroides  mauritanlcus 
Ptinidae 

Gibbium  boieldieul 
Gibbium  osylloides 
Mezium  affine 
Mezium  "merlcanum 
Niptus  hololcucus 
rtinus  fur 
Ptlnus  hirtellus 
Ftinus  tectus 
Tenebrionidae 

Alnhltoblus  dlarerlnus 
Alphitoblus  ovotus 
Gnathocerus  raaxlllosus 
Trlbollum  castaneun 
Diptern 

Fioohiln  easel 
Hymenoptera 
Fomlcidae 

Carrmonotu3  comnrcssus 
Mononorlun  destructor 
Flaglolepls  cuotodlens 
Plrgloleole  lontrioes 
Solenoneis  gemlnata 
Wpemannla  '‘uroounctntn 
Arachnids 

Fedlculoides  trltlci 
Tyroglyohus  lintnerl 
Tyroohngus  mycoohagus 


rsocoptera 

Tropium  pulsatorlun 
Lepldoptera 

Aphonia  socialln 
Dccadarchis  mlnuscula 
End rosls  lacteclla 


Lepidoptera 

Eols  ptelearia 
Ephestia  calidella 
Eohestia  elutella 
Hypsooygla  costal is 
Nemapogon  granella 
Oenophila  v-flavum 
Plodia  interpunctella 
Setomorpha  insectella 
Setomorcha  rutella 
Tinea  cloacella 
Tinea  misella 
Tortilla  viatrix 
Coleoptera 
Anobildae 

Anoblum  nagnum 
Anobiura  cunctatum 
Catorana  herbarium 
Catomma  meieri 
Catorama  tabacl 
Sitoareoa  oanicea 
Sostri chldae 

Dinoderus  bifoveolatus 
Dlnoderus  dlstructus 
Dinoderus  minutus 
Dlnoderjs  norcellus 
Prosteehanus  truncatus 
Slnoxylon  anale 
Sinoxylon  n9laccnnum 
Slnoxylon  ruglcanda 
Xylopsocus  caouclnus 
Xylothrlce  f la vices 
Xylothrlps  religlosus 
Calandrlaae 

Calandra  linearis 
Calandra  oryznc 
Cor nrabycldae 

Ferlssu3  laetus 
Pteroloohia  melanura 
Colydlidae 

Bothrlderes  andrewesl 
Murmidlus  ovalls 
Cryotop’nc.gidae 

Cryctophagus  ocutnngulus 
Cryctochagua  cilosus 
Henoticus  californlcus 
Cryctochagus  saglnatus 
Curcullonldae 

Caulochllus  latlnasus 
Do rmestldae 

Anthrenus  caucasicus 
Anthrenus  fasclatus 
Dermestes  cadaver lnus 


Dorraostldae 

Demestee  lardarius 
Dermestes  vulcinus 
Troroderma  cranariun 
Trogoderma  tarsale 
Trogoderma  versicolor 
Endomychidae 

Mycetaea  hlrtn 
Languriidae 

Hi°raxonotha  kirschl 
Lathridlidne 

Cartodere  beloni 
Cortlcaria  cubescens 
Corticarla  subtillssima 
Lathridius  nodifer 
Metophthalmus  hlscidus 
Me thophthalnus  serrioennls 
Lyctidae 

Minthea-  ruglcollis 
Mycetochagidne 

Tychoea  stercorea 
Ptinldae 

Ftinus  fur 
Ptlnus  hlrtellus 
Ptinus  tectus 
Schaerlcus  glbboldes 
Tipnus  unlcolor 
Trigonogenlue  globulus 
Scolytidae 

Coccotrypes  d^ctylicerda 
Crychnlomorchus  stlerllnl 
Hycothenemus  erudltus 
Fltyoohthorus  ceregrlnus 
Xyleborus  senlgranosus  • 
Sllvanidae 

Ahasverus  advena 
Cothartus  excisus 
Cathartus  quedrlcollls 
Monanu3  conclnnulus 
Oryzpechilus  surinanensls 
Tenebrlonidac 

Alphltoblus  dlacerlnus 
Alchitoblus  lacvlgatus 
Alchitoblus  ciceus 
Mesomorchus  vllllgor 
Diet era 

Meoneurn  obscurella 
Hymenoptero 
Formicidae 

Camconotu8  langi 
Camconotus  nip-rlcecs  var. 
obniger 

Cemconotus  cunctulatus 
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Hymenoptera 

Formlcldae 

Camoonotus  caryae  var. 
rasilis 

Crema togas ter  llneolata 
Formica  clnerea 
Irldomyrmex  analis 
Irldomyrmex  detectus 
Irldomyrmex  humilis 
Irldomyrmex  rufonlger 
Llometopum  apiculatum 
cocldentale 
Monomorlum  destructor 
Mpnomorlura  oharaonie 

4.  Miscellaneous 


Formlcldae 

Solenoosls  geninnta 
Tnolnonn  slnrothl 
Arachnldn 

Cnrnoglyohus  taiwnnensis 
Chortorlyohus  prncillres 
Eberhardla  krameri 
Grlycyohag’js  donestlcus 
Glycyohepus  mlchaell 
Glycyohngus  s pi nines 
Rhlzoplyohus  erhinonus 
Tyroglyohus  farinae 
Tyroplyohus  llntnerl 


Isoptera 

Rhinotermltidse 

Retlculitermes  flavines  -  damages  electrical  Insulation 
Leoldontera 

Eohestla  kuehnlella  -  Jelly  cubes 
Coleoptera 

Cryptophagldao 

Henotlcus  californlcus  -  Jam 

Dipt  era 

Drosomhlln  funebrls  -  marmalade,  ^reserved  fruit,  fruit  Juices, 

catsup,  milk,  wine,  beer,  vinegar 
Fannin  ousio  -  dead  fish 
Hymenoutera 

Formlcldae  ,  ^ 

Atta  moellerl  melnertl  var,  ploboculls  -  foodstuffs 

Cnmoonotus  caryae  var,  rasllls  -  Jam 
Monomorlum  floricola  -  all  kinds  of  human  food 
Pheldole  negaceohala  -  stored  food 
Tnplnomn  melenoceohalum  -  ell  kinds  of  human  food, 

Arachnldn 

Fedlculoldes  trltlcl  -  a  ore*ntor  found  with  other  mites 

causing  dermatitis 


7 p.2.  Names  of  Animals 


Acorina . '  n  7  i  lk 

Air, hi toblua  dlsoe rlnug  ,  f  '  1  ’  '  '  '  !  ‘  !  '  ina 

Amo 1 s e ,  ft  rge  n  1 1 n 1 a  ch e  .  *  *  *  *  ?  *  '  '  f  ‘  *  *  V0Q 

Anoblldae  ,  t  I  [  [ . 22  39 

Anoblun  ounctatum .  .  ,  7 

"  1  s) . ‘  ‘  : ; ;  6 «,  22,  &  s*  27  29j 

rk.3“.2S,4o,43)4g, 


American  fire  (Solenoosia  xyloni)  . 
Argentine  (Irldomyrrnex  Hum Ills 
control  of.  , 

overwintering  ,  '  ■  . 

baits  for .  *  *  *  * 

baits,  failure  of . . 

black  carpenter  . 

brown  house  ,  ,  f  t  *  *  * 

carpenter  ( Ccmoonotus  'hercuieanus  )* 
choice  of  sugars  .... 

.  .  _  a  '  9  9  •  f  •  1  •  • 

control  of  .  ....  . 

,  .  ^  '  *  *  »  »  9  f  •  f  1  •  ,  i  , 

damage  to  food  . 

distribution  o?t  t  f  ,  \  f  *  *  *  [  \  ’ 

fire  ( Solenopsls  genlnatn)  . 

nest  of  ....  .  * 

food  of  ....  * 

leaf-cutting  (Attini)  !  .*  .'  [  '  ’  *  *  * 

little  yellow .  ?  .  ,  ,  f  !  .  .  ’  * 

Madeira  ( Pheldole  megnceohniaf 

habits  of  .  r.Trrrr.  *  f  •  t 

nests  of . *  *  *  *  *  * 

Modoc  carpenter  (Cnnponotus  hercuieanus 

var.  raodoc) 

New  York  .  777 

Pharaoh's  (Monomorlum  phnraonlsj 

protection  against 

red  and  black  carpenter 

small  red,  t  f  .  ,  ,  '  ' 

thief  (3olcnoosis  so.  |  . 

Jrochnidn  .  .  .  |  |  \  \  \  \  \  9  1  •  •  * 
arachnids  (Arachnids)’ 

•  9  9  9  «  I  ft  •  m 


•  •  •  • 


Arrccerus  fasclculntus 
Arthropods  .  . 

Atheta 

At  t  a  genus  oiceus  ,! 
Attlnl  ' 

*999ffff 

boars  , 

brown  ,  t  " 

distribution  of*  *  * 
grizzly  .... 


t  t  » 


t  t  •  » 


»  *  •  » 


*  •  » 


•  t  » 


•  »  t 


•  1  » 


»  »  f 


r  9  v  9  -s.  #  ' i  '  J #  ^ 

ft9.50-53,io4,m, 
155, 162, 164, 166, 169 

hO 

109.110 
109 

109 

122,123 

122 

109,197 

110 

4,107-309,131,173 

123 

132,136,1 47 

107 

107 

110.111 
111 
106 

107, 103  129 
110 
110 
110 
110 

109 

109 

1*7 

147 

109 

110 
110 
3 

167 

3,53, 191-193, -195- 202, 

204,214,219,217 

101 

53 

103 

96 

log 

117,11*, 149,153 
117 
117 
117 


21g 


I 


bear, 

bees 


nolflr . 


camenter  (XylocoDa  sm>#) 

control  of.  '  i 
beetle  (s)  .  .  .  .  .  J  ;  ; 
see  also  weevil 


anobiid  (Anobildae) i  '  . 

black .  ***  *•••••» 

black  carpet  (Attagenys. pjceus) -  .  .  !  !  ! 

caroet  (Dermestldae )  .  *  ?  *  r 

distribution  of  .  1  .  .  !  ’  '  *  ’  ’  '  * 

carrion  (Silohldae) i 
checker  (Clerldae)  ,  f  ,  #  '  *  *  *  '  ' 
cigarette  ( Lasloderma  serrlcorne* )  ! 

control  of  .'  .  .  .  . . »  *  » 

clerid  .  ********  * 

coffee  bean  (Araecarua  fasolcnlatus) 
common^ carpe t  ( Anthre nusT  scpaphularjae ) 

copra  (Necrobla  rufloe’s)  !  !  *  '  '  * 

corn  aaplCarootihrius  dlmldlatus)  !  ! 
damage  by.~  .  .  .  .  ,  *  ,  '  ’  ’ 

darkling  ( Tenebrlonidae)  ♦  ,  ,  ,  *  ’ 

deathwatch  (Anobildae)  .  !  .  ! 

dermestid  (Derm^etldae) , 

development  of  . 

dried  fruit  ( Carooohilus.  hcnl^terus) 
drugstore  (Sltodreoa  panlceST.  .  T 
Dutch  wha  rf  T^ace rda"  melanura)  .  . 
engraver  (Scolytldae)  7.  i  T"!  .  ! 

habits  of  . 

false  powdejvpost  (Bogtrlghl’dae)  * 
flat  grain  (Laemoohloeus  nlnutus)  , 
flour  (Trlboilum  spo.I  7  .  . 

f urnitu^e";UnobUSae ) . ,  t 

furniture  (Anoblura  purictatum)  i  I 

grain . .  ‘ 

ham,  red-legged,  t  ,  ,  )  J  *  *  ' 

hide  (Dernestes  vulpinus)  ..!!’! 
house . “  ‘  '  |  T  *  r  r  t  t 

control  of.  ;  ;  ;  . 

^rder  (Permeates  lardarius)’  !  !  !  ! 
larder  (Dermestidae )  ,  , 
longhorned  ( Cerambycldae’)  !  !  !  !  *  ’ 
mylabrld  (Hylabrldae)  .  ,  ,  , 
porter  (Hylotpupes  Wulus)  T  ,  J  J  \ 
powder-post  (tyctldacjt  !  .  ,  . 

egg  laying .  |  ' 

predacious  ground  (Carabldae) 


« 

♦ 

r 

» 

t 

t 

t 

» 

t 

t 


•  » 

•.  t 

t  t 

t  r 

t  t 

t 
t 
* 
t 

t 

t 

* 

» 

t 

« 


•  316,117,i4q 

•  6  U3, 45,  4<?(  49,  x o4 

.  105,107,105 

I  5^3,  “*5, 4s,  1°5 

'  M2,2?" 32,  34, 36,41, 
43,44  ,45-52, So-lo4,i 
Jf3, 1^5, 162,169, 172 
36,157,156 
57 
96 

?6, 39-^,96,134 

102 

94 

28,59 

90 

31 

101 

96 

55,59,133-135 
25, 94 

25.99 
37,55 
103, 104 
44,59 

2^25, 23,31, 94, 159, 

£6,67 

99 

90-91 

45. 100 
4s, 10? 

102 
44,  90 

*^22,2S 

39 

29 

122 

5,26 

26,  40,97 

93,94 

93,94 

%25,  39,50,96,97,122 
44 1 93, 157, 166 

^3,45,97,132 

97 

93 
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beetle 

pupa tlon  .  •  .  ,  .  .  ,  ,  f  t  •  •  •  f  , 
red-legged  ham  ( Necrobi  a  ruflpes) .  ,  . 
rove  ( Staohylinidae)  ’  ’ 

rust- red  flour  .  .  .  t 
saw-toothed  grain  (Oryzaeohjlus  suriname 
scolytld  (Scolytiaae) ,  ,  ]  ‘ 
sllvaiiid  ( Silvanldae) ,  ,  #  , 

skin . . 

snider  (Ptinidae) . 

tenebrionid  ( Tenebrlonldae) , 
tobadco-  see  beetle,  cigarette 
wood- bo ring.  .  .  ,  .  . 


wool,  control  of  .  ,  f 
birds,  damage  by  ...  . 
booklice  (Psocoptera) ,  # 


by 


control  of 
infestation 
bookworms .  . 
borer  (s)  bamboo  ( Dlnoderus  nlnutus) 
flat-headed  (Buprestldne) .  .  . 
lead  cable  ( Scoblcla  devil vis) 
lesser  EralnHrfihlzooertha  doralnlca) 
locust  (Cyllene. rpbinla(?r 


round-headed  { Cerambypida?) 
shothole  .  i  ,  i 
Bostrlchldae  .  f  t 
Brachytarsus  ,  f  f 
fcristletaiKs;  .  . 

Brotk5fer.  .  ,  ,  t 
bruquido  del  popo^o 
Bunrestidae  .  .  . 

Bun rest Is  ..... 
butterfly( a)  (Leoldootera) 
cadelle  (Tenebroldes  roaurlta 
caddis  fly  (a)  [$bq  .ciJdqlqwQ 
caddis  worm(sJ  , 
control  o£  \  t 
damage  by .  »  » 
food  of  ... 

Calandra  .... 

Calandra  granarla 
Calandra  oryzae 
Calandrldae ,  .  . 


Callinhora  .  .  , 
CalymraaderuB  .  , 
Camoonotus  hercule 
Camnonotus  irritan 
Carabidae .  .  .  , 


carcoma  .... 
carnivore (s)  .  . 
Carooohilus  dimldlatus 


anus 


s 


nlcuo) 


rms  \ 


nsi 


s 


)f 

? 

t 

? 


«7 

94 

103 

104 

22,23,31,102,103 

161 

97 

101 

157,160 

g&-94f131, 133, 142, 
152,159,161-1^,171 
22,89 
3 

22,27,30,35,36,32, 

41,50,52,79,20 

SO 

79,5° 

36,39,96 
90  - 

91,92 
49,90 

22,39,90,91 

8.93 
100 

22,90,91,162 

101 

5^,55 

90 

9S 

91.92.93 
92 

31 

100 

30,81 

34,44, 43, 80, 31 
81 
31 
31 
92 

92 

92.93 

22.92.93 
24,112 
69 

103 

133 

93 
72 

115,117,118,149 

99 
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Caraophllus  henlpterus . 

caruncho  da  madera  . 

Catorana  ,  ,  .  , . . . 

Caulorhllus  latlnasus . .  .  • 

centipedes  .  .  .  . 

Cerambycidae  . 

chocolademot  . 

Chordata  . 

Chrysobathrla  . 

Chryaochroa  . 

ciam( 8 j  .  . 

Cleridae  . 

Coccotryoes  dactyllnerda . 

cockroach,  black  (fiiatta  orientalis)  . 

see  also  roach 

Coleoptera  .......  .  . 

defined  .  • 

Coptotermea . . . 

Coptotermea  formosanua  .  .  . 

florcyra  ceohalonlca^.  T . 

cricket(s)  . 

bait  a  for.  ,  .  . . 

cont  rol  of . 

damage  by .  .  . . 

house  .  .  .  .  . . ♦ 

crustaceans  . 

Cryptophagidae  . 

Cryptoternes  brevis . 

Cucujidae”!  ’ . 

Curculionidae  . . 

Cylas  forraicariua  . 

£>attelmot  te . 

Demaptera . 


defined . . . . 

#  eggs  of . 

Dorrobstmotte  .  •  . . . . 

Cornsoeqkkafer  .  .  .  .  , . . 

Drosophila  . 

earwigs  . . .  , . 

baits  for  . 

control  of  ....  . . . 

European  ( Forf lcula  auricula rja)  ...... 

e mb lias  .  .  .  ,  .  .  ,  ,  »  ,  .  .  .  .  .  .  .  , 

control  of  , 

Embloptera  ........... ....... 

de  f  i  ne  d  .................. 

Ephemeroptera  ................. 

*  defined  . 

Erhcstia  . 


99 

93 

39 

95 

53 

93 

33 

53 

92 

91  , 

53#  . 

22,  27,  9^ 

29 
12 

36-104, 167, 139-206, 

203,217 

gg 

61,76, 77,15*.  159.166 
61, 76,77, 166 
S3 

53  ,  ,  , 

22,29, 30, 33, 34,  36, 43, 
48.  50, 55, 56, 15S 
131,123 

5§ 

§9 

II 

22,94,95 

73 

95 

95 

30 

53, ?9. 167, 195. 200 

202,264,205,213,215, 

217 

III 
111 
35 

% 

27,30,3^,36,40,50,51, 

58,59,103 

121,122 

59  , 

33,4o 

22,2j,26,79 
79  , 

79,167,189,194 

79  , 

30,167 

30 

27 
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E t>hc  st  la  cpu  tel  la  .  ,  ,  , 
Enhostia  kouhnlella .  ,  ,  . 
Ephestln  serlcarlum .  r  .  . 

Erl  fide  s . . 

Srnoblus  njolUe  ,  ,  ,  ,  .  ,  r  r 
firebrat  (.Thernobla  .domestics). 

fishraoth  . 

t ly( b)  . 


f 

f 

f 

f 

I 

f 


It 

54 
4 


& 


bflcon . .  . . ;  .  ; 

blnck  i  •  •  •  •  •  •  •  ,  t  #  ^  ^  j  #  9  9  #  ^  ^ 
blue  bottle  (Cclliphora  sop.) 
control  of  ,  .  .  t  ...  . 

damage  by 

development  of  .  .  ,  .  ,  ,  ......  . 

feeding  by  . 

flesh  . 


•  * 
»  » 

•  t 

•  » 


fruit  ( Drosophllldae)  . . 

gray  flesh  ( Sn rcophapra  son.)  .  .  .  . 
green  bottle  (Luclllr  son.)  .  ,  .  .  . 

horse . \ . . 

house  (Mu sen  domestlcn)  .  . 

ponace  . 

two-winged  (Dlptera)  .  .  . 

vinegar  ( Drosophila)  . 

formica  Argentina .  .  , 

Formlcldae  . 

formlgn  Argentina . 

founnl  d1  Argentine  .  . . 

Frnnaosen 

fungi ...«f.ff..f...... 

Getrelde-Kr.ouzlner  .  ,  .  , . 

Getreldenotte  .  .  .  ,  ,  . 

Getreldennger . 

GetreldeplattkKfer  . 

Gctrcldeschlmmelknfer,  sturapfschwarzo  . 
Octreidschmnlkclfer 

gorgojo ...««  t  »(••»•»..  . 

grain  Insects  . 

grasahopoe  r(  s)  ............ 

Gryllacrls  sechellensls  . 

Qryllulus  donestlcus  . . 

Hae aback  .  .  ,  . 

Hausfllege . . . 

Hausgrllle . . 

Helmchen  . 

Heumotte  .  . . , 

Heterobostrychus  aeoualls . 

tfodotormea  .  ^  T  .  .  .  .”.  . 

kodotemltidae . . 

Holzbohrlcafer,  gestrelfte.  ...... 

horses,  devil's  conch  ( Staohylinidne) . 

hulsmler  . 

see  Monomorlum  destructor 


40,55 

55 

22, 25. 2?, 30-32  34 
'  ^^9,50, 52,  n4, 124, 
145, 169 
112 

2^112, 113,  I5S 
146,147 
112 
111 
111 
6 

112 

113 

24,112 

135 

112, 182 
112 
111 
112 
109 

10S-111 

109 

109 

cy 

3,^5.i*6,137,139 

91 

*5 

100 

102 

104 

102 

92 

21-23 

55,56,121 

56 

lh 

56 

56 

34 

91 

147 

72 

S9 

103 

107 
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I 

(Kylotruoes  bajulue  . 

fcynenoptera  . 

defined  . 

insects.  .  .  ,  . 

| 

I 

control  of  . 

cosmopolitan  . 

distribution  . 

eggs  of . 

grain . 

control  of  . 

injury  to  wood  by . 

key  to  orders . 

number  of . 

number  of  soecles  treated.  .  . 
relation  to  material  damaged  . 
relation  to  wood  ....... 

structure . 

tronlconolltan  . 

wide eoread  . 

Irldomyrmex . 

Trldomyrmex  humllls . 

riootera . “ . 

defined, . .  • 

Kablnettkafe^ . 

Kaffebohnenkafer  . 

Kakaomotte  . 

Kakerlak  . 

Kalotermes  brevis . 

Kalotermes  marglnlnennls  .  .  .  . 

Kaloterme  s  snyderl  .  . . 

Kalotermltl^ae  !  T  . 

kpsefliege  ........... 

katydids  . 

Kleldermotte  . 

klookevertje  . 

KornkHfer.  .  ,  .  . 

Kuchenschabe,  gemelne . 

Laemonhloeus  .  .  .  .  .  . 

Laemophloeua  mlnutus  ...... 

Las  lode  rrria  .  . . 

Las lode  nna  eerricorne . 

Lathrldli<Tae . 

Lepldootera ....  . 

defined . 

Leniama  aaccharina  . 

Llthurgus . 

lobsters . 


*  9V4 

.  104-111,167,191-193, 

195,199,202,204-206, 
211,212,214,217 
.  104,105 

.  53-11^,129,130,152 

155-167,169-217 
.  119-150 

.  1^7,160,167 

.*  144 

.  114 

•  23 

.  46-4g 

.  16-19, 

,  log, 169 

.  14 


157,160,167 

,15^,167 


.  164 

.  109 

•  59-79,167,139,202, 


208,211,215,217 

5? 

96 


101 

84 
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i 


f 


( 


( 


locusts  . 

Lucllls . .  .  . 

Eyctidae  . 

mammal (s)  ....... 

control  of . 

mantisee  . 

Mastotermes  darwlnlensls 

damage  by  . 

Mastotermltidae  .... 
mayflies  ....... 

damage  by  . 

meelraotje  ....... 

Mehlkafer,  geraelne  .  , 

Mehlmotte  . 

Ml aroma 1th  us  debills  . 
mildew  -  see  mold 

Mites  (AcarinaTT”  ?  •  • 

control  of  . 

development  of  .  .  . 

food  of  . 

raold(  s)  .  . . 

Molluscs  . 

mollusks  (Mollusca)  .  .  . 
Monomgrlura  destructor . 
Sfonomorlum  latlnode  .  . 
Mononorlum  pharaonls  ,  , 

mosquitoes) . .  . 

moth(s)  (Lenldoptera)  .  . 


almond  (Ephestla  cautella)  .  ,  .  .  . 

control  of . •  •  •  •  , 

Angoumols  grain  (Sitotraga  cerenlella)  .  .  .  . 

cacao .  .  ,  ...........  t  .....  • 

casebearlng  clothes  (Tlnen  pelllonella)  .  ,  .  , 

chocolate . . . 

clothes.  t  ♦ 

common  clothes  ......  t  ...  t  ...  t  * 

control  of  »  *  ,  ?  •  ......  t  .  *  *  »  .  » 


development  of  . 

distribution  of . 

dried  fruit  ( Ephestla  cautella) 
dried  fruit  [Plodla  Tntermmctella)  t  .  .  .  .  , 
dried  fruit  (Vltula  serratlllneeTa) .  .  .  ,  .  , 
European  grain  »  •  , 

fig  (Ephe 3tla  cautella) . ,  ,  ,  ,  ,  , 

grain . . 

Indian  meal  (Plodla  lnt erounctella) .  .  .  »  t  » 
lesser  dried  fruit-".  ,  ,  f  ,  ,  •  •»••••  » 
Mediterr*  ner.n  flour  (Ephestla  kuehnlelln) .  .  , 

control  of . 

raisin  (Ephe  otla  flKulllella) . 


5,6 

24 

22,97 
115-ns 
143-151 
5  6 


< 


}l% 

44  73 
9,4*5,  30 


30 

34 

104 

34 

167 


22,23,25,27,29,31. 
32,  33.60-52,113,114 
114,144,150 


22,23.36,30,94,97, 

99,  H4 

53.114.115 

53.114.115 
109 

4l 


110 

124,135 

22,25-32,34,36.49- 

52,31-36,142,143, 

163,169,175 

23,33 

h 


33 

40-42 

34 


3,34,39,134,161,164 

36 


32-35,133-135,170 

31-32 


33 

33 

35 

27 

22 


33,147 

22.23 

22,23,32,35,144 

35 

2  3,34 
35  , 

27.23 
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moth(s),  rice  ( Corcyra  cephalonlca) . 
tobacco  (Ephestla  elutellaJ .  .  7 
webbing  clothes  (Tlneblaldlselllella) .  .  .  .  , 

wolf  ( Corcyra  cephalonlcar . , 

mouse,  field  '  ,  . . ,  , 

house .  .  ,  *  •  •  t  ,  •  .  t  •  •  #  a  t  t  #  #  9  , 

Mu  sea  doniestica .  ,  ,  ^ . ,  .  , 

Hylabrldae  .  , 

distribution  of,  f  .  .  f 

habits  of r 

Mylabrl s  blxae  .  ,  ,  j  .  .  .  .  f 

Mylabrls"  obtectus .  ...  i  .....  , . 

ffilabrl s  plaorum  ,  .  . 

jjyocalandra . i  ......  , 

Na cerda  melanura  .  .  . 

MaautltermeB  ...  . 

Me c rob la  T . . . 

Me c rob la  ruflres  .  .  . 

Mitidulidae ...  . 

noahime-koguga  .  .  . 

Oedemeridae.  . 

distribution  of  damage  . 

Orthoptera  . 


defined . . . 

Oryzaephllus  surlnamensls .  ...  .  ? 

Ostomatldae .  . 

palomllla  .  ,  . 

oaplllon  gris  de  la  farine  ,  . 

Peizk&fer,  schwarze  .  .  . 

Pharaoamelee  .  .  .  .  . . .  .  . 

Pharaoh1 8  ant . (Monomorlum  pharaonls ) 

Pheldole  meftacephala  .  .  .  ,  . 

Phi Ion thus  .  .  . 

Plophlla  easel  , . . . 

FTatypodidae  .....  . 

Pla ty s t oml  dac 

Ploala  Interounctella . ,...., 

jPochkafer  . .  .  .  ,  , 

polllla.  • 

polllla  del  grano.  . . . 

polllla  del  trlgo.  ,  . 

porcupine (s)  .  ,  ,  . . , 

Prolabla  arachldls  ....  .  , 

Prorhlndtcrmoe  . 

Psocootera  .  . 


control  of 
Ptlnldao  .  . 
Ptlnu8  tectus 


*2  , 

27,  24 
?6 

«3 

15? 

116,  l4g 
112 

25,26,9? 

9? 

9? 

29 

9?,1S5 

l?5 
92 
100 
7?,  79 
94 
94 

99 

45.99.100 

99.100 

55-5?, 167, 1?9,192, 
197-204,206,207, 

213  , 

55-56 

102,103 

100 

IE 

96 

110 

110 

110 

103 

112,113 

45.100 
100,101 
25 

?9 

72 

25 

S6 

43,117 

55 

76 

79,20,167,139,195. 

199,203,204,206, 

213,215 

SO 

101,102 
23,101, 152 
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t 


rnt(s). 


blnck  .  .  . 

brown  ,  .  .  . 

Norway  . 

roof . 

white-bellied  roof  .  .  * 

ReiskhferM . 

Re  lsmehlkafer,  eme  rikanlsche 

Re  ti  cull  terries . 

Hhlnotermitidae . *  .’ 

Rhizooertha  dominlca  .  .  .  . 

rlngnnts  . 

roach(a)  . 


American  (Perlplaneta  amerlcana)  ...... 

baits  for  . 

black  ( Blatta  orlcntalls)  . 

control  of  . 

German  (Blatella  germnnlca)  . 

oriental “TUatta  orlen tails) . 

rodenta . . . 

ooo  also  rats,  nouae 

distribution  'o^' . 

injury  to  wood  by  . 

Ro88ameise  f  .  . 

rot  .  .  ,  .  . [ 

defined .  * 

Russen  .  .  . 

rlj8tmot  (Sltotrogn  cerealella) . 

3aftkafer.  ,  . 

Saftkafer,  gemeine  .  .  , 

Sarcophaga  . 

Schlnkenkafer  . 

Scolytldae  ,  ,  , . , 

scorpions  . *  ] 

shlpwonn(s) . . . !!!!!* 

see  also  teredo  r 

shrew  . 

shrimps . . ;  ;  ;  ;  ; 

Silohidne . !  !  ! 

Silvnnldae . . . 

ellverfisli . 


baits  for . . 

control  of  . 

defined.  . 

food  of  . 

Slrox  spp . 

Sitodreoa . .  .  .  .  . 

Silt  pare  pa  panlcea . 

Sitotroga  cerealella  . 

skipper,  cheese  (Plophlla  easel) 
control  of  . 


49,129,139,143,146, 

173 

116 

116 

116 

116 

116 

9?, 

104 

76 

44,46 .476- 7S, 165, 
160,161 

21 

62 

22,25.30,32,33,34, 
36. 38, UO. 4i, SO,  55. 
5^143,146,147,161, 

122 

121,123 

12,57 

57,132 

57,121,122 

12,57 

IIS-117,136, 142, 

144, 15s, 171 

116 

4S 

10s 

44,46,142 

20,45 


57 


£3,35 

99 


24, 113, 163. 
94 

22,100,102 

113 

53 


90,91 

2*31,32,112,113 
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Solenopfils  . 

jjTolenopsls  gerainata  ] 

Solenopela  molesta . 

Speckk&fer,  geneine . .* 

Spelsebohnenkafer,  amerlkanieche 

spiders  . 

Staplylinidae  ,  . . 

stick-insects . .  .  .  .  . 

■Stlgmus . . 

Tabalckfefer,  kleine . 

tabaksboeboek  . 

tabaksnier,  roode  ........ 

Tap 1 noma  sinrothl  i  ......  . 

tarlo  del  tobacco . t 

teigne  des  vStements  . 

Tenebrlo  molltor  . 

fenebrionidae . . 

Tenebroldes  maurltanicus  .... 

teooichk&fer  . 

teredos  . 

control  of  . 

diagnosis  of  damage  . 

distribution  of . 

termitc(s)  . 


big  (Mastoterraes  darwlnlensis )  . 

colony  structure  . 

control  of  ....  ,  . 

damage  by .....  . . 

dampwood  ,  .  .  .  , . . . 

distribution  of .  . . 

dry- wood  .  ] 

eastern  subterranean  (Retlcullternes  flavines 


control  of  . 

feeding  of . . 

food  of  ....  . . .  , 

foraging . .  .  ’ 

habitat  types  . 

milk  (Coptotermes  vastator) . .  * 

powder-post  . 

powder-post  (Kalotermea  brevis) 

semi- subterranean  . 

subterranean . ‘  .  .  ’ 

subterranean  ( Copto.termes  formosanus)  .  .  .  . 

Termltldae  . 

Thermobla  dome st lea  . 

thousand- legged  worms  . 

Thysanura  . 


110,111 

110,111 

111 

96 

96 

53,H3 

!03 

% 

69 

69 

%, 

s 

104 

23,103,104,156 

100 

96 

^6, 53, 114, 115 
150 

114,115 

114 

4,12,  22,  33,  34,36, 
36, 4l,  4p;  43,4^49 

59-79.147.157,156, 
160, 161, 1&2-166, 
l6g  169,171,172 
39,4o.73-76 
59, 60 

53,133,136-143 

62 

43,61,157 

3^, 43,60,63,142, 
157-159,160,161,166 
34,  35,44,4g  77-78, 
135,157,159 


63 


61,63,147 

6o,6l 

133, 

60,61,15s 

V 

61 

43,61,63,138,162, 

7^77,153,159,160, 

44,63,78,158,160, 

161 

55 

P,  55. 167, 169. 192, 

194,201,203,205- 

207,21^,215 
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ticks  ,  , . 

tlgnolo  del  grano,  vera  .  .  . 

Tinea  u‘  '  *  * . 

pneoln  blse.Ulella .  .'  ‘  . 

TotenuEr  .  .  77  ...  . 

tonchio  del  fagoli  . 

Trlbollum . '.  ...  . . 

Trlbollum  confusun  ........  •  ...  . 

Trichoptera . *  . 

defined  . 

Trogoderna . *  . 

l/iomlnae  T . * . 

wasp  (s) . . . 


carpenter  . 

distribution  of . .  . 

solitary . ..." . 

wood . . . 

weevll(s)  ( Curcullonldae)  .  .  . 

bean  (Mylabrls  obtectus)  .  . 

b road- no se d ' gra Fn  ( 5a  iTlbph  1 1  u s  latlnasue")  !  !  * 
button  ( Coccotryoea  daetYHrv»rfinT~ 

coffee  bean . ~  .  .  .  ;  ~ 

see  also  beetle,  coffee  bean’ 
common  bean  (Mylabrls  obtectus). 

common  grain . “7".  .  . 

damage  by . *  . 

distribution  of . *  .* . 

granary  (Calandra  granarla) .  ‘  ‘  ' 

survival  of . “7  .  .  .  . 

mace . [ . 

maize . ••..... . 

pea  (tiylabrls  nlsorum) . 

rice  (Calandra  oryzae)  . 

seed . '  . * 

wood-boring, . ' 

wolverine .  [  *  *  *  *  ?  ’  *  * 

woodbug .  *  |  * . ’ 

worm,  yellow  meal  t  Tene brio  "moll  tori 
lesser  meal  (Alohltoblus  dlaoerlnus) 


:  S’ 

II’*3 

*$9 

r 

104 

£0, SI, 167, 202 

9^,164 

156 

5,  6, 3,45, 4g ,49,104, 

105,107,log 

105, log 

log 

4g 

^,50,105,107 
44, 4S,  g6, 92, 95 
4,135 

95 

29 

100 

96 
92 

95 

95 

22,92 
92 
101 
2 

,1^5 

22,92,93 

25 

166 

116, 11s, 149 

91 

104 

104 


l 
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7b.  Damage  and  Materials  Attacked. 

acacia  . 

acid,  organic  . 

alcohol  . 

aldehyde  .  . 

alkaloids  . . 

aloe  8 . . . 

aluminum  . 

asbestos  .  . 

asphalt . » . 

bacon  .  . 

bamboo  . 

beans . 

diagnosis  of  infestation.  .  .  . 

lima . 

navy . 

8  oy . 

beef,  dried . 

beer . 

biscuits,  army  . 

board,  comoo  . 

board,  fibre  . 

books . 

bran . . . 

brass . . 

bread . 

brick . 

bridges . 

buckwheat  . 

buildings  . 

buildings,  storage  . 

butter  .  , 

buttons  . . 

cables,  electrical  . 

cacao.  .  .  .  ,  . 

cake  ...  . 

cardboard . 

casein  . 

cassava . 

CG  t  SUp  . . 

cedar,  red . 

cellars . 

celloohane  . .  . 

cellulose  . 

cellulose  acetate.  .  .  . 

cellulose,  ethyl  ...  . 

cellulose,  natural  . 

cene  nt . . 

cereals . 


26 
144 
1 26 
144 
51 

j?9, 50, 34, 35, 212 
62 

49.77.211 
112,115 
44,90,93,115 
25,26,34-36,39,90 
93,159,193 

26 

93 

26 

26 

55 

112,217 

«3,S4 

43.211 

35 

33,35-37,53,90,91, 

147,203 

121,122 

50,126 

56,99,106 

141 

^5 

21-23,92,139-191 

73,74,97,136-1^,1^6 

171-173,162 

50,144,145,169,213,214 

110 

29, M 

49 

27,50,34,39,91,160,195 

106 

96,100 

36,90,101 

93 

112,217 

77 

l4o 

36-33,55,77,90,101,203 

43,59,62,134,135,202 

35 

33 

32-35,202 

107,109 

55,79,39,1^5,139-191 
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cheese  . 

chickpea . .  . 

chocolate  . 

chufa  . 

cinder  block  . 

clapboards  . 

cloth  . 

cotton  . 

clothing  . 

coffee  . 

cold  cream  . 

concrete  . 

condiments  . 

construction,  materials  of 

cooper  . 

copra  .....  . 

corn  .......... 

cotton  . 

cottonseed  . 

cowoea  . 

currant . ’ 

damage,  insect  . 

relation  of  Insects  to. 

textile  . 

dates.  .  . 

decay . * 

aerris  .  ' 

dough . *  *  * 

drugs,  . 

dumps,  supply.  ,  . 

dung . 

egffe,  dried . .  . 

equipment  .  . . 

military  . 

eucalyntus  . 

fats  .  . 

feathers . *  * 

felt . . 

asphalt  Impregnated  .  . 

fibre (s),  animal  . 

natural  ........ 

synthetic  . 

figs  .  .  .  ,  .  . 

finishes  . 

casein, . *  ’ 

olastlc  . 

resin . 

starch  . 

fish  .  .  .  . ’ 

dried 

fresh  . . 

smoked 

nets  .... 


•  3,2,33-35,90,121,202 

.  34, 92 

.  l4l 
.  142 

•  57, 99,101, lo4, 107, 103, 109 
36 

39 ,90 
110 

43,116,139,143,173,211 
30, 200 

42-49,207-211 
50  93,126,140,212 
1^23,30,34,99,114,197 

29,39 

95 

92 

3 

3-5 

33  , 

23,  34,39,196 
51,52,93 

32-42,202 

161 

39 

31,94,  in,  i26,  i2S,  201 
33,39,104,114,169,204 
42,207 
62 
l4l 
202 

2,37,172 

S4,92 

40  4i 

20& 

206 

206 

206 

112 

25. 90.102.192.193 
2*, 25,169,192,217 

25.192.193 

31 
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floor  , . . 

flour  . 

foods . .  .  .  . 

Infestation  . 

origin  of  infestation  . 

protection  of  . 

fruits  . 

dried  . 

oreserved  . 

fur . 

diagnosis  of  damage  .  . 

furniture  . 

garages  . . 

gelatin  . 

ginger  . 

glue . 

grain  . 


infestation  of . 

Infestation,  evidence  of . 

grease  . 

hair . . . 

henbane . . . 

hides  . 

protection  from  Insects  . 

houses  . 

hyoscyanms  . 

ice  cream  powder  . 

infestation,  conditions  conducive  to 

insulation  . 

electrical  . 

of  wells  . 

ivory,  vegetable  . 

Jan . 

Jellies  . 

Juices,  fruit  . 

lard . 

lead  .....  . 

leather  . 

lentils  . 

lignin  . . ! 

linen  . 

loading  platforms  . 

macarbnl,  storage  of  . 

marmalade  . 

masonite  . 

meal,  fish  . 


,  142 

56,34, 121,123,129 
131,136,153,161,169- 
171,  134-136,  139-202, 217 
SI- 32 
169 

169-171 
56,  llo 

23,  35,  94,99, 114,  123, 
1^5,157, 159,169,134,197 
217 

33,39,32,36, 96,114, 
12S,15S,l69,2o4 

Ik” 

140 

121 
92 

36.41.90.206 

so  54,90,92,94-96,99, 

104, log, 114, 12S,  129, 

131, 146, l4g,  15&I161, 

169, IS9-191 

S6 

,23 

&109'117 

51 

39,97,104,205 

39,97 

50,169,213,214 

S9, 101 

90 

13 

109 

62.75. 107. 217 

141 

29.41.206 

106.112.114.217 
112 

112.217 

122 

^9,62,77,90,92,97,93 

109,211-212 

32,39,56,82,90,91, 

125, 204 

25,93,159,193 

^3 

9p 

140 

103 

217 

si, 101 
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neat 


cooked  . 

diagnosis  of  Infestation . 

dried . • . 

fre  sh . 

preserved  . 

smoked . .  .  . 

metals  .  f 

milk . 

dried . 

nuts . 

edible  . 

palm . 

nux  vomica  . 

nylon .......  f  . . 

oils . 

oleomargarine  . 

opium  . 

paint,  watercolor . .  .  .  . 

oaper  . 


aluminum  .coated . 

diagnosis  of  damage  ,  . 

greased  . 

parchment,  vegetable  . 

paste  . 

pasteboard  .  ? . • 

paste(s),  casein  .  .  . 

resin  . 

starch . 

peanuts  . 

neas . • 

diagnosis  of  infestation.  •  •  • 

oeooer,  cayenne  . 

photographic  emulsion  ....... 

photographic  materials  . 

rlckles  . . 

plastics  * 

plywood  . 

potato  ....  . 

fresh . 

sweet  ,  . 

white  . 

raisins  . 


.  96.97,102,1 04, 

106,110-113,115, 

116, 121, 131,146, 
156,159,161 
.  109 

24  05 

25j  55, 1^5, 192, 195 
.  24.25,169,192 

.  114 

.  25,145.192,193 
.  32-42,49,50,107 

129,171,172,211,212 
.  115,217 
.  31,112,201 
.  64,65,99,104,159,1^5 
.  27,32 

.  27 

•  51 

.  2,42,55,207 

.  31,201 
.  113 

•  51, 69 
.  56 

•  32,35-37,57,72, 

77,  60, 64,90-92,99, 
100,104,147,171,203 

.  l4l 

•  36,37 
,  65 

»  35,77 
.  *o,  4i,  55, 90 

.  77  , 

.  41,206 

.  41,206 
.  36,40,60,206 

.  26,79,69,160,194 
.  25,65,66,90,96 
159,193 
.  26 


.  51,69,101 
.  42,207 
.  126 
.  112 

.  2,41,172,206 
.  42,96,171,207-211 

.  64,114 

.  199 
,  30,102 
.  30 

.  27,29,64,69,169,196 
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rayon.  .  .  .  ,  . 

resin(s),  case in- formaldehyde 

synthetic  . 

urea- formaldehyde  .... 

rice  ....  . 

roots  i  .  .  . 

rubber  .  . . . 


rugs . 

seed(s).  .  .  .  f 

leguminous  . 
miscellaneous 
oil  .  .  .  f  . 
oil  palm.  .  . 
palm ..... 

senna . 

silk . 


artificial . 

bolting  f  . 

size  ,  . 

prote in  . 

soap  ...  . 

soup,  dried . 

spices  . 

sponges . 

stages,  landing . 

starch  . 

steel . . 

storehouses.  ...... 

storerooms  ....... 

stone  .  .  ,  .  ,  . 

substances,  animal  .  .  . 

plant  ,  . 

sugar  t  .  ! . 

supplies  . 

tea . 

telephone  poles.  .  .  .  , 

textile(s)  . 

diagnosis  of  damage  . 
relation  of  insects  to 

that  ch  .  .  . . 

tin . 

tinfoil  . 

tobacco  . 

twill  ...  . 

vegetables  . 

diagnosis  of  damage  . 

dried  . . 

vinegar  . 

wads,  gun  . 


•  j57, 55,203 

:  % 

.  21-23, S3, 92  1^9-191 

.  101, 102 

.  32,41,107,109,111 
12s, 206 
•  90 

•  35,93,96,100-102,104, 
111,114,116,169 

.  26,1^5,194 

•  29, 193 

•  29,114 

•  29 

.  102 
.  26 

•  39.40,52,79,35,90, 

162, 205 

•  37,56,203 
.  100 

•  36 

.  55 

,  110 
.  101 

•  30,29,91,114,200 
.  40  97,205,206 

.  114,115 

.  30,40,51 
.  50 
.  169 

.  144, 145 

.  141 

•  51,215 

.  51.215,217 
.  106,109,111,121,123 

,  32-42,202 

,  25 

•  3 

•  32-35,37-40,131,202 

.  3^,35 

•  33 

•  72 

-  50,78.85,91,97,212 

•  51,  S'*-.  89, 91, 114 

.  56 
.  30 

•  29,24, 25,199 
.  112,217 

.  90 
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wallboard 
walnut  f 
waxe  s ,  . 
wharves.  , 
wine  ^  .  . 
wood  .  .  . 


damage . .  , 

damage  by  caddlswoms  . 

damage  by  mayflies  .  . 

diagnosis  of  damage  .  . 

relation  of  animals  to. 

wool  ..... 

. .  • 

damage. by  beetles  .  .  . 
diagnosis  of  damage  .  . 

yeast  . 

zinc . 


46, 211 
27 

^1,90,201 

112.114,  21 7 

56,91-93,96-98, 

99-102,104-109,116, 

J57, 15^,  169, 171, 207-211 
62,67-93 
61 
60 

46-46 

4 

3*5,39.56,  62,62.66, 96, 
101,161,169,204 
66,  69 
3*5,39  ,  , 

112,114,144 

50 


7c.  Control  Methods  and  Materials. 

alcohol  . . .  .  lk7 

amyl  acetate  . . 

angellque  wood  . .  * 

ant  buttons . . 

“Antlmlte n  ...  '  *  *  *  *  Jf3 

ant  Jellies  ....*.’ . 

arsenates .  *<3 

arsenic  trioxide  !  ’  .* . tlj 

arsenic,  white  . . -*-37 

arsenlous  oxide.  .  *  ’  . 

azobe  wood  ...  ,37 

bait 8.  ’ . . 

ant  .  » 

cricket  .  .  . ? 

defined  . i  ?q* 

dispensers  for.*  .’ . 

earwigs  Jff  . 

meat .  ....  1^1,122 

roaches  . . 

rodent  . . 

sllverflsh.  .  .*  .’  .* 

beetle  proofing .  *  ‘  i,!/ ifc 

birdlime  ....  *  *  ’  *  * 

"Black  Flag"  . ’ 

borax .  . .  z^2  , 

brown  heart.  .  .  ‘  . , 122»  132, 137, 139 

butylcarbltol  acetate.*  !!.*****  * 
butylme 8 1 ty 1- oxide  oxalate  .  !  !  '  ‘  ‘ 

calcium  arscnitc  .  .  . . ? 

cyanamlde . .' . 

cyanide . . tQ 

carbltol  .  . .  . *23 

carbon  monoxide.  . .  }}?  ,  ™ 

dioxide ........ . }25,1?9 

dlsulohlde .  . 

tetrachloride  . 

charring  ....  .....  130,131 

chloi-plcrin.  .  .  .  !  !  !  i . * V 

cinchona  .  }25»!30 

cleanliness!  .  .  .*  ! . • 

clearance  . . *77  , 

cold . 1n?»141 

construction  . 175  1^1 

contact  poisons,  defined  ’*.’’*  *  ’ 

control^  °f  bulldlnSs»  arrangement  of  !  M 

almond  moth  . ?  in9"191 

ant  s  ....  . *  *  »  „  , 

areas  . 

Argentine  ant  !  .*  !  !  ] . 
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control,  biological . 

bookllce . 

cnddlsworme  . 

carpenter  bees  . 

cheese  skipper  . 

chemical . 

cigarette  beetles  . 

crickets  . 

earwigs  . 

eastern  subterranean  temlte. 

enbilds  . 

flies  . 

grain  insects  . 

house  beetle  . 

insects  . 

mammals  . 

mites  ,  . 

Mediterranean  flour  moth  .  . 

moths  . 

roaches  . 

section  . 

silverfish  . 

structural  methods  of  ...  . 

summary  of  . 

teredos  . 

termites  . 

wool  beetles . 

cooling  . 

copper  crotonoarsenite  . 

fluoride . 

lauroarsenite  . 

naphthenate  . 

stearoaraenlte . 

sulphate . 

crayon,  sodium  fluoride . 

creosote  . 

euro . . 

cyanide  -  see  hydrocyanic  acid 

cyanogen  chloride . 

cypress  nine  . 

"Demotex11 . 

dlchlorobenzenesulphonamide  .  • 
dlethylbutylglycol  phosnhate  .  . 

dlphenylamlne  . 

doors . 

drying  . 

earth,  rammed  . 

ethylene  dlchloride  . 

ethylene  oxide  . 

"Eulan" . 

Eulan  BL  . 

Eulan  CN  . 

Eulan  LW  . 

Eulan  NK . ' 


t 


t 


120 

50 

51 
lbs 
144 


1&7 

90 

56 

59 

7S 

lL,  14? 

II.  94 

119,150 
148, 1R1 
114, 144, 15c 

«5 

S2-g5, 133-135, 170 
57,132 

132-183 

54  , 

139-1*3 

149-150 

150 

63,133,13^1^3 

83,89 

146.171 
135 
135 
135 

135.171 

S?  , 

132,184 

83,115, 13S, 139, 142, 147 
119 


125 

64  69,  71 
1# 

1# 

134 

118 

III 

141 

130,131 
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fluoride 

see  also  sodium 
food  packaging  .  .  .  . 
processing.  .  .  .  , 
selection  of  stock  . 
specifications  on  . 

storage  of . 

formaldehyde  . 

formalin  .  .  . 

foundations  . 

concrete  ...... 

freezing  ....... 

fumigants  . 

fumigation  . 

regulations  on .  .  . 
safety  standards  for 
garbage,  disposal  of  . 
gases,  warning  .... 

gasoline  .  ,  . 

gauze,  wire  ...... 

greenheart  . 

green,  Paris  . 

peanut  oil  .... 
ground,  treatments  .  .  . 

gun,  dust  . 

heat . 

use  of  . 

honey  . 

hydrochloric  acid.  .  . 
hydrocyanic  acid  .  .  . 
Infestations,  cure  of  . 

prevention  of  .  .  . 
insects,  control  of  .  . 

grain,  control  of  . 
Insect-proofing  ,  .  .  . 
Iron,  galvanized  .  .  . 
lsothlocyanatee  .... 

.larrah  .  . . 

kerosene  . 

'•Konate" . 

"Larvex"  .  .  . 

le thane  . 

light  ........ 

lime . .  . 

chlorinated.  .... 
magnesium  carbonate  .  . 

mahogany  . 

mammals,  control  of  .  . 
manbarkiac  wood  .  .  .  . 
meal,  yellow  corn  .  .  . 
neat  bait  . 


137 


171 

170 

184 

14-2,145 

125.130 

m 

125.131 
120, 186 
179, ISO 
126-128 
144 
125  •• 

148 

84,  g$ 

64,69,115 

121,132,133 


i£. 


136-138 

123  132,133 

23  145,146,170,173 
174,185 
29 
122 
131 

23,125-128 

119 

119 

119-150 

23 

!72 

l4o 

124 

64. 7°,  71  , 
124,144,147 

!34 

13* 

124,125 
145  , 

Wkl 


ll 


.  ,67 

14S.151 

115 

121 

l4s 
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meat,  protection  Q f . 

reconditioning .  .  .  , 

methyl  bromide- . . 

formate  . 

mitee,  control  of . 

moisture  . 

in  fruit . .  .  .  .  . 

grain  and  flour  . 

molasses  . 

moldproofing  . 

moth,  almond,  control  of  . 

control  of  . 

Mediterranean  flour,  control  of 

mothproofing  . 

Mundulea  suberosa  . 


naphthalene  . 

nicotlr;  . 

oak,  red  . 

oak,  white  . 

oil,  castor . 

crankcase  . 

fish . 

linseed  . 

lubricating  . 

of  thyme  . 

orange . 

orthodichlorobenzene  . 

orthophenylphenol . 

packaging  . 

paint  . 

palmetto  . 

palm,  wood  of . 

paper,  glazed . 

paradlfthlorobenzene  . 

peanut  butter . 

pentachlordloxytrlphenylne thane- 

sulphonic  acid  . 

pentachlorphenol  . 

phenol  . 

ohenoxychloroethyl  ether  .  .  .  . 

phenylmercurlc  lactate  .  .  .  .  . 

phosgene  . 

ohosphonlum . * . 

phosphorus  . 

piers . .  .  .  .  . 

p3ne,  creosoted  southern  yellow 

pipes . 

blaster  of  Paris  . 

olatforms . 

polson(s)  . 

contact  . 

solid  . 

regulations  . 


24 

112,113 

23, 125, 12S, 129 
130 

114,144,150 

11, 146, 173, 174,1*5 

29 

23 

121,122 

It’135 

62, « 3,133-135,170 
65 

133-135 

136  , 

131.1*7 

124 

115 

115 

136,147 

136,143,144 

122 

139 

!36 

136 

122 

125,131 

135.171 


115 

115 

55.73 

125,131,171 

l4g 

69,13* 

$ 

136 

135 

13} 

134 

121, 122, l4g 

136.139.143 
115 

140.143 
121 
1*3 

119-135.173 

131-133 

131-133 

lSO-igl 


P01<7 . 73.77,10s 

porches . i4o 

post6 . 143 

treatment  of  .  . . 135 

powders,  Insect . 123,132 

nreventatlve  .  143^145 

prevention . H9 

procedures,  special . 146-149 

processing  plants,  sanitation . 170  165 

propylene  di chloride  .  131* 

"Puratize" . X35 

ryrethrins . 124 

t>yre  thrum  . S9,  ia,  124, 125,  132, 

13&,  lg4  ^  ' 

pyrohhylllte  .  135 

reconditioning . 24  32 

redwood  ( Sequoia  sempervlreus)  ....  64*65  66 

refrigeration . I70  * 

repellents  .  135,136  147 

roaches,  baits  for . 121  127* 

control  of . C57  {-12^ 

powder . 132  ^ 

roof . . 

rosin . 14^ 

rote none  .....  .  51,124,125,132,164 

sa}; . .  64,71 

salt,  common . 4j  117,121 

screening . 24, 114  >3.  l45, 1 46 

of  flour . 23 

sesame,  oil  of . .  125 

shellac . *  147 

shields,  termite . *  x4o  141 

slllcofluorlde . ’  X37* 

sllverfish,  baits  for . lo{  12-* 

control  of . ^4  ’  ? 

skipper,  cheese,  control  of . X44 

slab,  cellar . l4o 

0oao . X47 

soft . . 

soaa-llme . X37 

sodium  aluminum  slllcofluorlde  ....  go  134 

benzoate.  . . X22*  * 

2.2 '-dlhydroxy-3. 3 1 , 5.5 1 , 6-pen ta- 
chlorotrlohenylme thane  2"  sulnhonate  134 

•  . . 121,132,184 

slllcofluorlde . 121  122 

soil  poisoning . X37* 

solvent . x?4  174 

Stoddard . X24*  ^ 

sprays  .  .  . . 124,125,130 

application . X24 
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1 


I 


( 


soray,  defined  . . 

effect  on  nan  . 

squill,  red  . 

stabilizers . 

"Sta-way" . 

storage . . 

food . 

stowage . 

structural  methods  .  . 

strychnine  . 

sulohur  dioride . 

sweets  . 

6yrup  . 

sugar  . 

tanglefoot  . 

tartar  emetic . 

tartaric  acid . 

teak . 

termites,  control  of  . 

terre  oisee . 

tetrachlorphenol  . 

te  tramethylthiuramdi sulphide . 

thallium  sulphate . . 

thiocyanates  .  . 

thyme,  oil  of . 

timber,  stored,  protection  of . 

termite  resistant  . 

treatment  of . . 

traos . 

traooing  of  rodents.  . 

tricresyl  phosohate . 

trim,  Interior . . 

trimming  . 

varnish.  ,  . . . 

Chinese  . 

vaseline  . 

ventilation . 

vents  . 

vera  wood . 

viruses,  rat  . 

walls,  construction  of  . 

warning  gases . 

whitewash . 

windows . . . . 

wood(s),  creosoted  .  . 

termite  resistant  . 

treatments . 

wool,  control  of  beetles  In  ,  .  .  .  . 
zinc  ohosphlde  . 


120 

124,125 

l4g 

125 

136 

171-173 
155,156 
1*3  , 

139-143 

145 

125,129,130 

105-110 

106,121 

1*7 

147 

122 

122 

64,  67,  66,  70 
63,133,136,13 


63,: 

141 


!3? 

136 

123.145 
124 

136 

III 

102 

146-149 

145 
147 

142 

146 

4-5,139,144 

147 
147 

140.142.145 
141 

115 

145 

141,142 

125,130 

142.145 

1*3 

143 
64-72 
138.139 
55,59 
l4g 


( 


’-143 
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7d.  Other  Items  in  the  Text. 


abdomen,  Insect 
defined  .  . 
Africa  .... 


North  .  .  .  . 

West . 

Alaska  ,  .  .  .  . 

alcohol . 

Amboina . 

America,  Central 

North  .  .  .  . 


Northed et  .... 

Southeast  .... 

West  Coast.  .  .  . 

South  ....... 

amyl  acetate  . 

Angola  . 

Antarctica  . 

antenna,  defined  .  .  . 

Arabia  . 

archloelago,  see  Island 

Arctic  . 

arrack  . 

Asia . 

Eastern  . 

Southeastern.  .  .  . 

Western  . 

attack,  Insect  .... 

nttrahents  . 

Australasia  . 

Australia  . 


temoerate  ,  .  . 
tropical .... 

Azores  . 

Bali . 

Barbados  . 

Bisnarcks  .  ...  . 

Brasil  . 

Buettner,  W.  0.  ,  . 

Burma . . 

California,  Lower  . 
Cameroon 8  . 


7 

19 

63,67.68,72,76.78.69, 
97, 93.103, 141,147, 154, 
159,160 
1*52 

160,172,1 62 

153.153.1 72 

175 

92 

72,73,153,157-159, 

172, 162 

24,53,59,61,63,76,77,. 

91, 93, 96,93, 99. 101, 104, 

106,109,113,116,117, 

116,152,153,155,157, 

156.161.172 


157 

157  , 

157,160 

72,109,115,117,129,153, 

156,159,161,172 

III 

155 

19 

155 


112,149 

175 

63,72.69,92,153,154, 

157,160-16? 

76,162 

162,164 

160 


3 

135 

163 

24,42,62-64,73,76,79, 

90-92,96,97,101,102, 

109,113,1^0,154,156, 

160,163,165,166,172,161 

164 
164 


153  ,  , 
117,154,162 

66 


154,155,165 

159 

161,163 

161 


157 

172 
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carbon  tetrachloride . 

caste  ,  .  .  . . . 

cateroillar  , . . 

defined  . 

Celebes  .  ~ . 

Ce  ran . 

cercus,  defined  . 

Ceylon . 

China . . 

chloroform .  . 

chrysalis,  defined . 

Claop,  W.  F.  . 

cocoon . . . 

defined  .  .  . 

colony,  ant  . 

conclusions  . 

Congo  .  . . . 

cosmopolitan,  defined  . 

Dakar . .  .  .  . 

dermatitis . .  . 

distribution . . 

Insects  . 

Dutch  East  Indies  . 

dye  . . 

eg*s . 

insect  . 

England  . 

Eritrea  .  . . . 

Ethiopia . 

Eurooe . 


family  . 

Fljls . . 

Florida  . 

food  of  insects  . 

poisoning  . 

Forest  Research  Institute  . 

Formosa . . . 

frass . . 

defined  . 

crnrbage  , . , 

General  Dyestuff  Corporation . . 

genus  .  . . . . 

Germany  .  ,  . 

Gllolo  .  , 

glass  wool . . 

glossary  . 

gold  .  .  .  ,  . 

Great  3rltaln . . . 

Great  Lakes  . 


175 

60, 105, 106 
SI,  $2 
19 

116,117,15^,162 

I63 

19 

63,66.101,161 

7M5M62 

175 

19 

115 

9 

19, 

106 

168-174 

154,16° 

156 

154,160,172 

114,217 

1^2-167 

107,116,154,161, 

162-164 

126,129 

131 

6-10,23,126,144 
!59  , 

159,160 

160 

24,34,44,50,59,63,76, 

81,86,89,92-95.97-99. 

102,117.123,153.155, 

159,161,172,182 


5^.155.166 
152,153 
11 
l4g 

71  ,  , 

71,76,162 
3 

19 

112 

134 

53 

32 

117 

141 

19.20 

126 

181 

44,81 
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grub,  defined .  1Q 

Guam .  . 

Guiana.  .....' . 

harborages . *  ‘  .* . i  L* 

defined  ....  Tkl'144 

Hawaii.  .  ,  . IP 

. 7£;-U.  102, 109,153 

head,  Insect.  .  .  #  100,172 

defined  .  .  . .5 

hemisphere,  western,  ’see  ‘New  ‘iVorld  ‘  ‘  *  19 

Kola  retie,  defined - 1cJl 

honey  dew  ....  . 

Iceland  .  .  .  * . 

India  ...  . £53 

Indo-China.  . 1^6?J2|136»154'161'^ 

Irfnraflti°n  °n  rr°b1*™8  field  .*  174I177 

Ieland(s)  see  also  under  Individual  names 

Sonin .  . 

Caroline . ] . f-22 

Central  Pacific  .  . . 

Ellice . . 

Galanagoa .  . 

Gamble r  ....  . 

Gilbert . . }?? 

Horne .  . 

insects  of . . icj'154 

Jaoancse  Mandated  .’  *  ‘  *  tcl 

see  also  Micronesia  *  ■>Jt  ° 

Johnston.  . ~T  ]  i  ‘  ,  cc 

Lord  Howe  . n  cu 

Loulsiade  .  . 

Loyalty  ......  ]  . 

Norfolk . ;  ;  ; . ,lb4  ,,c 

Pacific  ....  . 

.  ®3i 72.76,92,96,93,101, 

Queen  Charlotte  .  .  .  10S,  147, 154, 164, 165 

Santa  Cruz.  .  .  .  * . 

Schouten . . rjg 

Tanirabar.  .  .  .  .’ . 

Trobrland  ...  . . fbb 

Wake  . . zw. 

Wallis  .  \ . 

Zuld  Oostor  . . 

Itch,  grocer’s  .  .  .  *  [ . 

Java .  .  76,154,162 

Johnston  Island  .  .  .  *  ^?*^7»l62 

h^y(s),  chief  rtroums’  !  . .  7c° 

how  to  use . ■  ■  '  * 


( 


king  . . . 

Korea . 

Kuriles . . 

larva  ...  . 

defined  . 

leg,  false,  defined  .  .  .  . 

Line,  Wallace's . 

Lombok  . 

Madagascar  . 

Madeira  ...  . 

riaggot  . 

defined  . 

Malaya  . 

mammal  . 

Manchuria  . 

mandible,  defined  . 

manual,  contents  of  .... 

Marquesas  . 

Mediterranean  Basin  .... 

membranous  defined  . 

metanorohosis,  defined  .  .  . 

Mexico  . 

Micronesia  . 

Mlsool  . 

Mongolia  . 

mounds,  termite  . 

mouth  hooks,  defined.  .  .  . 
mouthuarts,  tymes  of ...  . 

nests  . 

lie”'  Britain . 

lie  •’  Caledonia . 

New  Guinea  . 

New  Hebrides  . 

Ne,n  Ireland . 

lie1"  South  Woles . 

lie""  World . 

New  Zealand  . 

nlgrrer  heads . 

Niuafoo  . 

Nurn*:lta  ........  •• 

nymoh  . 

defined  . 

Old  World  . 

order . 

Orient,  see  region.  Oriental 

ove  wintering . 

ovipositor  . 

defined  . 

oxygen . 


59,  , 

154. 162 
154 

9 

20 

19 

117,162,163 

117.154.162 
63,92,154 
110 

102 

20 

63,69-71,77,92,113, 
117,154,161,162 ,172 
3,^3,115-116,17^,177 

20 

17f 

116 

159, 72 
20 
20 

73, 77.153^ 
164,165,166 

l6? 

154 

79 

20 

L,  62, 105-111 

165 

155.165 

106.117.154.163.165 

155.165 

& 

165, 166, 172 

62 

166 
164 

9,60,60 

20 

72,116 

53 

10 

104,105 

20 

10 
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a 


Pacific  area  . 

Central  . 

South  . 

Southwest  . 

oackages . 

oalpus,  defined  . 

Fanamft . 

oaraeites  .  , 

massages  . 

covered  . 

Felews . 

pellets,  fecal  . 

pests,  accidental  . 

bark . 

Control  Association,  National  .  . 

means  of  introduction  . 

one-generation . 

permanent  . 

secondary  . 

temporary  . 

petiole  . 

Philippines  . 

plaster,  termite . 

nredators  . 

oroboscls,  defined . .  .  .  .  . 

ptomaine  noisonlng . 

Puerto  Rico  . 

Pulu  Sanglhe  . 

oupn . 

defined  . 

muoarlum,  defined  . 

aueen . . 

defined  . 

Queensland . 

Rasa  Jlma  . 

recommendations  . 

reclon,  Arctic  . 

Australian . 

Canadian . 

Ethiopian  . 

natural  . 

Nearctic . 

Neotropical  . 

Oriental . 

Palaearctlc  . 

Pacific  Coast  . 

regulations  . 

Review  of  Applied  Entomology . 

Riu-Klu  ...  . 

Roturaa  ....  . 

Russia  . 

Saghalln  . 

sake . 


56 

M2 

M2 

M2 

171 

20 

65, 153 
5 

Z5  , 

6l,  l4i 

1 

2, 126, 1S1 

P 

4 

4 

5M 

106 

63,71,117,154,162,163 

5,103,114 

20 

l4* 

65 

163 
9 

20 

20 

59,106,109 

20 

63, 1-55 

164 

163.174- 1*7 

iP 

III 

pi-154 

2^*9,154 

153,154 

153 

177. 175- 1S1 

2 

iit15* 

$ 

175 
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Salmonella  . 

3amoa  . 

scavengers  . 

segment,  defined . 

Senegal  . 

shinrries . * 

Slam  . 

silver .  , . 

soil  . 

soldier . . 

Solomons . . . 

Somaliland . 

so.  or  sot) . 

soecles  . 

specimens,  collection  of 

dry . 

Identification  of  . 

labelling  . 

packing  .  " 

oreservatlon  of  . 

shipment  of  . 

Stefansson,  V .  ’ 

sting  .  .  f  .  . . ’ 

Strait,  Bering! . 

Strasbourg . !.*!,' 

stylus,  defined . * 

subregion,  Arctic . !!.*.'! 

Australian  . [ 

Brasilian  . *  * 

California,  see  subregion.  Pacific* 

Caoe . 

Central  American . * 

Central  Pacific  .  ’ 

Eastern  Asiatic  .  . 

Eurooean  . 

Fijian . | 

Mediterranean  . 

New  Guinea  .  . . * 

New  Zealand . . . 

Faciflc  Coast 

Patagonian  .  * 

Sudanese.  .  .  . . ]  ]  [ 

West  African . \  [  *  V 

West  Indian  . 

suiu.  .  . . .  ;  ;  ; 

Sumatra  . 

Tahiti  ...  . 

Tanganyika  .  ’ 

Tashkent . \ 

Tasmania  .  [ 

tervoerature  .  ******* 

testing  .  .*’*’*’* 

thorax,  Insect . 

defined  .  . 


146 

155.166 

5,24,95,99 

20 

& 

so, 161, 162 
1 26 

£,110 

72,147,155,165,166 

160 

54  . 

53, 5^ 

175 

175 
177 

176  , 

175,176 

!75  „ 

175,176 

IIS, 149, 15s 

105,110 

153 

50 

20 

153,15^ 

155 

153 


15^, 155 

153 

15S 

1 5* 

154 


155 

154 

15^,155 

155 
1.54 

15^,15^ 

15^  , 

153,154 

ii’* 

is 

161 

72,164 

8,10,11 

186,187 

6 

20 
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Tobago . . . 

Tobi . 

Trinidad.  (B.W.I.)  . . 

tropicoeolitan,  defined  . 

trorics,  American . 

New  'To rid . 

Old  World  . 

Tuamotue . . 

tubes,  shelter  . 

United  States  . 

vomiting  . 

Wake  Island  . 

Wallace's  line  . 

water  . 

fresh  .......  .  . 

sea . 

West  Indies  .....  . 

widespread,  defined  . 

Wilkins,  3ir  Hubert  .  .  . 

Wood  Preservers  Association,  American 

worker  . 

zone(s),  north  temperate . 

temperate  . 


153,15S 

163 

66  153,153,159 
156 
63 
100 

63,91,101-103 

154 

61, 62, 76 

64, 73, 162, 167, 161, 162 

1?° 

110 

117,162,163 

126 

44 

45,46,100,114 

153,153,132 

156 

158 

138 

106 

152 
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g.  APPENDIX 

Data  on  all  the  species  arranged  In  zoological  order 


c 


Thysanura  -  ellverfish,  bristlotnils,  German:  Wohnungefiechchen. 
Acrotel 8a  collarls 

mfhoSsfsU^rflsh  of  the  troolcs.  Ho  specific  lnfomatlon 
on  damage 

Ctenole-'lena  elllnta  -  Brnsllipn:  trr.90  dos  llvroa,  leolens. 

Bra  si 1. 

In  houses. 


Ctenolcolsna  llneatn 
Victoria^  Australia. 
Starch,  artificial  silk, 
attacked. 


Unsoiled  silk  and  wool  are  not 


Ctcnoleolsna  longlcnudntc  -  Austrnllnn:  connon  sllverf lsh. 

- An Ptrhl'iF*  "South  Africa;  ?  Hew  Oulnca.  .. _ k 

p„n,r  especially  chemical  pulp  owners  containing  loss  th  n  45* 
^mechanical  nul o;  bookbindings;  artificial  silks  with  starch 
nnd  dextrin  sizes.  Clean  silk  and  wool  nw  rarely  damaged 
and  other  fabrics  chiefly  because  of  gelatinous  or 
sizing. '  Gelatin  emulsion  eft  photographs;  r*lrnt  and  animal 

Optimum  temperature  77°^  but  active  down  to  52°*'* 


Ctenolenisma  tnrglonll 
Italy. 

Paper,  gum,  glue. 


Ctenolcplsmn  urbana 

Bookbindings ;  pnper,  preferring  refined  pu*]LJ mT'* 

while  mechanical  pulp  oaners  are,  on  the  whol^» n 
Textiles,  in  descending  order  of  preference,  linen,  rayon, 
cotton,  and  it  avoids  silk  and  wool. 

Ctenolcnlsraa  ouadrlserlnta  -  U.  5.:  Four-strieed  ellverfish. 

Eastern  United  States.  .„nnnv,n„p 

Wallpaper  paste;  proteln-plzed  paper;  ce__oehane . 

Optimum  temperature  SO°F  or  higher,  survives  to  ab 
Readily  killed  at  32°F. 


115°F. 


Lcplsraa  iatlthoraclca 
Italy. 

In  bake ripe. 


24g 


Leplsme  saccharins  -  U.  S. :  sllver/lsh,  flshmoth. 

ItaKSS’Sit.;  plazed  paper,  prot.eln-slzed  paper;  books; 
cellophane;  starch- sized  cotton- rayon  niJtuJe» 
resin-sized  cloths;  glue;  cereals;  ireshly  dried  beef, 

Optimura^tenperature  about  *0°F,  ^gfera  «5-90|QWlatlve 
humidity.  Readily  killed  at  9&  F  and  at  32  F* 

Thermobia  aegyotiaca 

EgyptT  Victoria,  Australia. 

Covers  of  llnenbound. books. 

Thernobla  dome st lea  —  U.  S. ;  Flrebrat 

Sa? leaner  paste;  protein-sized  oaoer,  typewriter  naner; 

cellophane;  rayon,  linen,  will  feed  on  pure  rayon  but  is 
attracted  by  starah,  gun,  oils,  rayon  containing  ^ulphonated 
compounds  not  very  attractive,  feeds  less  often  on  cotton 

Optimum  temperature  about  9S°F,  develops  between  f5l0«n*  Jll0F* 
Requires  4C-100#  relative  humidity.  Killed  at  32  F  nnd 
about  130°F. 

Orthoptera  -  Grasshoppers,  crickets,  roaches,  etc. 

Snltntorla  -  Grasshoppers,  crickets. 

Gryllacrls  sechcllensls 

"Adults^ and  nymphs  cut  holes  in  paper  and  cloth  with  Jhe 

object  of  nakinr  a  shelter  by  foldinrr  over  .he  cut  piece 

and  sticking  it  down." 

Anrhlacusta  carlbbe a 
*.7e s t  Indies. 

In  houses. 

Grvllodes  slnlllatus  -  ^Vcst  Indian:  Bro*n  house  cricket. 

Jamaica. 

In.  clothing. 

Grvllodc s  spp. 

Africa. 

In  houses. 

Gryllonorpha  bop, 

Africa . 

In  houses. 

Gryl lulus  de serins 
Southwest  Asia. 

Cereals,  stored  products,  leather,  wood. 
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Gryllulus  donoetlcue  -  U.  S.:  house  cricket;  Qcrnsn:  Holnchen, 
Hausgrille.^ 

Attacks^clothing,  feeds  freely  on  any  material  containing 
wool;  nnner;  fruit,  vegetables,  prepared  uohol- 

stery,  curtains,  bread,  silk,  stored  ..lour.  ■  g  o 
n.rtificnl  silk  in  n  textile  mill. 

Life  cycle  33-45  weeks  at  about  65°F. 


Gryllulus  sorvlllel 
Australia. 

Clothing,  particularly 


containing  nrtificnl  silk. 


Gryllus  asslnllis  -  U. 
western  Hemisphere . 
Seeds,  corn,  cloth, 


S. :  field  cricket, 

clothing,  camets,  curtains. 


Gryllus  oceanlcus 
“"Pacific  Islands. 
In  house?. 


Gryllus  spp. . 
Africa. 

In  houees. 


Phocophllacus  spp. 
East  Africa. 

In  houses.  . 


Blattarine  -  U.  S. :  roaches, 
blettes;  Brasilian: 


cockroaches;  German:  Schnben;  French 
V rates;  Spanish:  cucurach^s. 


Blnbern  sp. 

Neo tropics . 
Ginger. 


Blntta  conclnna 
Japan, 

Damages  foreign  books, 


Blntta  oriental 1b  - 
Kuchonschnbo , 


U.  S, :  Oriental  roach;  German:  gemoinc 
Kakerlak;  English:  black  beetle. 


Cosmopolitan, 

3tarchy  food,  cheese,  meat,  woollen  cloth 
Killed  in  10  minutes  r.t.l31°F. 


old  leather, 


wr>x. 


Blcttellc  gcmcnlcr.  -  U.  8.:  Gemnn  ronch;  Qcmrn:  Fr"nzosen, 
Russen, 

Bookbindings,  clothing  and  fabrics;  flour,  flour  paste, 
water  color  paints. 


Bl.attclin  vaga  ~  U.  S.  :  Field  roach. 

S.  '‘‘.  United  States. 

Habits  Rinilar  to  German  roach  indoors. 
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Cut 11 la  soror 

Tronlcooolltan. 

In  houses. 

Soblatta  notulata 
Tropl copoll tan. 

In  houses. 

Leucoohaea  made rae 
Trorvlcoio  ol  1 1  an . 

In  houses,  clothing  end  fabrics,  ginger. 

Neostylopyga  rhonbl folia 
Tropl copoll tan . 

In  houses,  books. 

Parcobletta  nensvlvanlca U.  S. :  Pennsylvania  woodroech. 
Eastern  United  State 3 . 

Wallpaper  for  the  paste.  . 

Pe rlplaneta  amerlcana  -  U.  S. :  American  roach. 

CosnopoTiSanT  ~ 

Books'  clothing,  fabrics,  nutmegs,  gun  tragacanth.  Prefers 
79-S2°F,  rather  quickly  killed  at  15-20°F;  and  nunbed 
at  4o°F. 

Pe rlplaneta  australaslne  -  U.  3.:  A  strallon  roach. 
Cosmopolitan. 

Books'  nutmegs,  gun  tragacanth,  wax. 

Pe rlolaneta  brunnea 
Troolcopolltan. 

Not  recorded  as  economic.  . 

Pe rlplaneta  fullglnoaa  -  U.  3.:  smoky  brown  roach. 

United  States. 

Pycnoscelus  surlnanensls  -  U.  3.:  Surinam  roach;  German: 
Gewachschauss chafee . 

Troolcopolltan,  occasional  In  temperate . regions  Indoors. 
Dextrine  paste,  cereals,  bread.  In  a  greenhouse  In  New 
Hampshire  went  down  Into  soil  by  day. 

3uoella  suoe lie ct ilium  -  U.  S. :  broTn-banded  roacn;  German: 
Mbbelschabe. 

Troolcopolltan  but  less  often  on  Islands  -  Is  extending 
Its  range  Indoors  into  temperate  regions. 

Books.  Food  habits  said  to  be  similar  to  those  of 
Blattella.  Files  very  readily. 

Demaptera  -  Earwigs 

Forflcula  aurlcularia  -  U.  3.:  ‘European  earwig;  French:  Perce 
oreille;  German:  Ohrwurm. 
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ffldcsorend. 

Damages  cotton  and  silk  cloth,  probably  very  minor.  Capable 
of  drawing  blood. 

Anlsolable  annullpes  -  U.  S.:  Ring-legged  earwig. 

Almost  cosmopolitan. 

Abundant,  damages  stored  products,  prefers  animal  food. 

Anlsolabls  colossea 

Southern  Asia  to  Australia. 

Capable  of  drawing  blood. 

Prolabla  arachldls  -  U.  S. :  brown  earwig. 

Troplcopolitan. 

Disgusting  greasy  household  pest  of  the . subtropical  and 
tropical  regions  which  has  been  carried  around  the  world 
by  commerce.  Cacao,  nutmegs,  ginger, 

Isootera  -  Termites.  German:  Temiten;  Brasilian:  cupins;  Spanish: 
polUlas,  hormlgas  blancas;  Philippine:  anay;  Central  America 
and  west  Indian:  comejenes;  Mozambique:  formlgas  brancas. 

Hodotermltldae 

Hodotermes  spp. 

South  Africa. 

Can  destroy  thatch  or  wall  paper  but  not  wood. 

Kalotermlt ldae 


Kalotermes  ( Colcariternes)  falrchlldl 

central  America, 

Very  destructive  to  the  dry  woodwork  of  buildings.  Also 
In  furniture. 

Kalotermes  ( Crypto ternos)  brevis  -  U,  S. :  oowderoost  termite; 
Spanl sh:  polllla , 

Troplcopolitan  except  Australasia. 

Masonite  oressboard.  flail  board  is  protected  by  a  layer 
of  glazed  paper.  Colonies  not  established  in  stocks 
of  glazed  paper  magazines. 

Kolotornes  ( Cryptoterme a)  buxtonl 

Tropical  Australia  to  Samoa. 

Does  damage  In  FIJI. 

Krlptornc s  cynocephalus  -  Philippine:  dog-headed  powderpost 
t  c  Pdl  t  c . 

Luzon,  Java. 

In  timber. 

Kalotermes  dome stlcus 

3.  Asia  to  3umrtrn. 

In  Malaya  is  often  found  eating  away  wooden  structures  in 
houses. 
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Kalotermes  havllandl 
tropical  Africa. 

Beech  tiraber  in  the  Gold  Coast,  timber  in  Tanganyika, 

Kalotermes  lananlanns 

Central  and  Western  tropical  Africa. 

In  timber. 

Xp lotermes  oallldus 
"Mauritius. 

In  building  timbers. 

Kalotermes  plceatus  -  Hawaiian:  oowderooet  termite. 
South  China,  Marquesas,  Hawaii. 

In  timber. 

Kalotermes  oseudobrevls 
Natal, Af r i ca . 

In  woodwork. 

Kalotermes  secundus 
tropical  Australia . 

In  timber. 

Kalotermes  ( Cryntotermes)  en. 

Trinidad. 

In  timber. 

Kalotermes  ( Cryptotemos)  so. 

Trinidad,  Tobacro. 

In  timber. 

Knloteraos  (Glyototormes)  oubescens 
Puerto  Rico. 

Timber  in  old  cottages. 

Kalotermes  nooroxlmatus 
Culf  States  and  Bermuda. 

Attacks  living  Junloerus  bermudlnna:  tiraber. 

Kalotermes  flavlcollls 
Mediterranean  Basin. 

In  tiraber. 

Kplotcrraes  condoncnsls 
Australia . 

In  timber. 

Knloteraos  clevolrndl 
tanamaT 
In  timber. 


Nigeria 
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K^lotcrmes  hubbardi  -  U.S.:  Southern  drywood  termite. 
Arizona,  California,  West  Mexico,  south  to  Colima. 

The  evidences  of  its  attack  are  everywhere  visible  in  the 
coastal  or  low-lying  cities  of  the  west  const  of  Mexico 

Kalo  tomes  margining nnls  -  U.S. :  mountain  dry-wood  termite. 
Mexico  and  Guatemala. 

In  timber. 

Ka lotermes  minor  -  U.S.i  common  drywood  termite. 

3. W.  Onited  States,  North  Mexico. 

The  economically  important  drywood  termite  of  the  Pacific 
Coast. 

Ka lotermes  olatycenhalus  *  - 

S.  tf.  Mexico.  ' 

Once  in  a  nine  nost  in. a  railway  cattle  guard  which  it  was 
riddling  in  a  manner  to  indicate  at  least  notentinl 
economic  inoortnneo. 

Knlotermes  rennndue 
Fiji  and  Samoa. 

Flooring  in  Fiji,  furniture. 

Knlotermes  achwarzl 

Cuba,  Jamaica,  Florida,  Yucatan. 

In  timber. 

Kalotomee  anydcrl 

Gulf  state?,  Fast  Mexico,  Central  America. 

Common,  widely  distributed,  and  economically  lmnortnnt 
soccles. 

Kalo tc me s  longlcoills 
Central  America . 

In  timber. 

Kalotamcs  assnuthl 
India. 

In  timber. 

Xe.lot3me8  cnatnnous 

Florida  and  ttest  Indies. 

In  timber. 

Ka lotermes  slmnllclcornls  -  U.8.:  desert  damn- wood  termite. 

3.  United  States  arid  N.  ’V.  Mexico. 

In  timber  near  ground. 

Kalo  tomes  dudlcyl 

Costa  Rica,  Ceylon,  Java,  Phillmrinos,  Trinidad. 

In  timber. 
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Porotermes  adansonl. 

- S.  S.  Australia,  Tasmania. 

In  woodwork. 

Zootermonais  auguatlcollla  -  U.3.:  cownon  daiTO-"ood  termite. 

- BrlijlsTTEolumMa  soutn  to  lower  California. 

In  timber  when  not  too  dry. 


Mastoternltldae 

Iiastotemes  darwlnlensls  -  Australian:  big  termite. 

North  Australia^  ..  ... 

Serious  oest  of  timber;  manufactured  sugar;  cotton,  silk 
wool  fibre;  ivory,  horn,  leather,  hides,  bone. 


Rhino terraltldae 

Coot ot erne a  aclnaclformls 

Troolcal  Australia,  New  Zealand. 
In  timber. 


Coototermes  ananll 

Troolcal  East  Africa. 
In  timber. 


Coototermes  ceylonlcus 

Indo-flhlna,  Ceylon,  India.  . 
Attacks  tea  bushes  In  South  India, 
Ceylon;  timber  in  Ceylon. 


living  tea  and  cacao  in 


Coototermes  crassus 
Central  America. 

Once  in  the  dead  heartwood  of  a  living  manco. 
located  in  the  base  of  a  fence  post. 


The  nest  was 


CoDtotcmes  formosanus  -  Hawaiian;  subterranean  , 

South  China,  Formosa,  Jaonn,  Hawaii,  Rlu-Klu,  9outh  Afrl 
Is  resoonsible  for  most  of  the  destruction  of  prooorty. 


ca. 


Coototermes  f renchi 

S.  5.  Australia,  New  Zealand. 
In  tlf.ber  and  living  trees. 


• 

Coototermes  grandlceps 
Solomons,  rulagi  I. 

Damages  timber. 

Coototermes  havllandi 

- Java,  Malaya ,  Siam,  Mauritius,  Barba does. 

Attacks  buildings. 


Coototermes  heirai. 
India. 

In  timber. 
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Coototermcs  .la  van  leu  8 
Jamaica,  Java. 

Causes  damage  In  Jamaica. 

Coototermes  lacteus 

Australia,  tfew "Zealand.  *  ,  ^ 

The  most  common,  and  at  the  same  tine,  the  most  destructive, 

of  the  Australian  termites. 

Coo tot ernes  marnbltanus 

Brasil,  "British  Guiana,  Trinidad,  Panama. 

Does  considerable  danage  to  buildings  in  Georgetown, 

British  Guiana. 

Coototermcs  nlger 

Central  America,  Columbia. 

The  Insects  had  eaten  Into  the  lend  sheathing  of. the  duolox 
cable.  This  damage  was  first  noted  about  November  1, 
when  the  telephone  servioe  was  unsatisfactory.  They 
chewed  away  the  Insulating  material,  Including  the  rubber. 

Coototermes  oarvulua 
India. 

In  timber. 

Coototermes  rnffrayl 
W.  Australia 
In  timber. 

Coototemes  s.lostedtl 
TroolceT  Arrlcn. 

In  buildings. 

Coototermes  solomonensla 
Solomons,  Malalta  Id. 

In  timber. 

Coototermcs  testneeus 

Lessor  Antilles  to  Trinidad,  Panama. 

In  timber. 

Coptotcracs  travlans 

llalaya  «nd  Luzon  to  Java. 

Destructive  In  houses. 

Coototcmos  t  run  cat  us 

Madagascar,  Seychelles,  Gpld  Coast. 

In  Seychelles  damages  timber;  occasionally  books  and  oarers; 
can  penetrate  concrete. 

Coototermes  vr.  stator 
Luzon. 

In  timber. 
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Lcucotermes  aureus  -  U.  S. :  desert  subterranean  termite. 

S.  7t.  United  States?  N.  W.  Mexico. 

In  timber. 

Leu co terries  ceylonlcus 
Ceylon. 

In  buildings. 

Lcucotermes  convexinotatus 
Panama, Jamaica. 

In  timber. 

Leucotemes  ferox 
Australia. 

In  timber,  particularly  poles  and  oiers,  often  found  in 
connection  with  other  soecies  of  termites. 

Lcucotermes  lndlcola 
India. 

In  timber. 

Leucotemes  Philippine nsls  -  Philippine:  Philippine  subterranear 
termite. 

Luzon,  Mauritius. 

In  timber. 

Leucotemes  tennis 

West  Indies,  Panama,  South  America,  St.  Helena. 

Infesting  redwood  window  sills  and  frames  at  Ancon;  also 
damaged  lead- sheathed  underground  cables. 

Prorhlnoterme  s  cnnallfrons 

Ha3aga¥car7  Comoros,  Seychelles,  Aldalera,  Mauritius. 

In  timber. 

Prorhlnoterme s  lnopinatus 

fJamoa,  Ellice  Is.,  f'lji,  Rennel  Id. 

A  damp  wood  speoles;  paper  in  a  dnnp  cupboard. 

Prorhlnoterme s  luzoncnsls  -  Philippine:  Philippine  damp-wood 
ternit?. 

Philippines . 

In  timber. 

Psanmot ernes  aliorcerus 
South  Africa. 

Houses,  damaging  timber. 

Retlcullternes  chine ns is 
South  and st  China. 

Very  destructive  when  they  once  become  established  but  this 
seems  to  be  the  case  in  few  localities. 
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Re tl cull terrne 3  clarlncnnls 

Arizona,  Kansas,  Texas,  Mexico. 

In  timber. 

Reticulitermes  flavlcepa 

Japan,  South  China,  Formosa. 

Very  destructive  when  they  once  become  established  but  tnis 
seems  to  be  the  case  in. few  localities. 

Reticulitermes  f la vines  -  U.S.:  eastern  subterranean  termite. 
Sastern  United  States  to  Great  Plains  and  Texas;  Eastern 

Mexico.  ,  ..  . 

Reported  to  perforate  lead. foil;  electric  insulation;  timber. 

Reticulitermes  hesoerus  -  U.S.:  western  subterranean  termite. 
British  Columbia  to  California  and  Nevada. 

In  timber. 

Reticulitermes  hagcnl 

Maryland,  Indiana,  Illinois,  South  to  Mexico. 

In  timber. 

Reticulitermes  humllls 

Arizona,  New  Mexico;  Mexico,  Tenic,  Guadalajara. 

The  colony  at  Nogales  was  attacking  a  role  in  the  ground. 

Rotlcull terrne 3  luclfugus 
Mediterranean  Region. 

In  timber. 

Rctlculltcraos  sroratus 

Janan,  Korea,  Formosa,  F.lu-Klu. 

Timber,  bamboo.  .  . 

Reticulitermes  tibialis  -  U.S.:  barrpn-lands  subterranean  termii 
H.  W.  Mexico . 

In  timber. 

Reticulitermes  vlralnlcus  , 

Maryland,  Illinois,  southward . 

In  timber. 

Rhlnotermea  lntermodlus 
Australia. 

In  timber. 

Rhlnotcrmes  nalaccensis 
I  ndo-  Ch  1  nr. ,  liai  ay  a . 

A  common  species,  favors  floor  boards  of  houses  and  also 
wooden  posts. 

Rhlnotemos  putorlus 

Western  and  Central  Tropical  Africa. 

In  building. 

Rhlnoterncs  translucens 

Borneo,  Java,  Celebes,  New  Guinea,  Malaya, 

In  papers. 


Te  mitldae 


Acanthoterne s  mllltarl s 
~  Cameroon,  Belgian  Congo , 
Attacks  living  tea  bushes 


Nyasaland. 
in  Nyasaland, 


fence  of  bamboo. 


Aoanthoternes  minor 

Congo' and  Gold  Coa  s  t 
In  timber. 


lo  South  Africa. 


Anitermes  capl to 
71.  Australia. 
In  timber. 


Ami terme  s  elongatus 

.  FrSn°eali!rie s  constructed  between  the  hart  and  the  wood  of 

a  Sole  in  the  station  of  Zarabl.  The  soace  between  the 

bark  evidently  had  been  gnawed  awayjjy  nnd 

filled  in  again  with  black,  very  hard  soil,  j.n  which 
rather  broad  galleries  and  chambers  were 
galleries  also  extended  into  the  wood  itself. 


the 


Amltermes  minimus 

- Arizona  California,  Nevada,  Texas. 

It  seems  more  prone  to  attack  uoripht  pieces  of  wood 
including  fence  posts  and  Doles  than  are  the  other 
Anitermes  soecles  of  California  and  is  the 
of  the  genus  in  that  area  which  penetrates  the  wood 
extensively  and  therefore  the  one  most  likely  to  be  of 
economic  significance. 


Amltermes  obeuntls 
w.  Australia. 
Telephone  poles, 


fence  posts, 


Jarrah  ties. 


Amltermes  wheelerl  -  U.  3.:  Wheeler's 
Texas,  Arizona,  California,  Nevada, 
In  timber. 


desert  termite. 
W.  Mexico. 


Amltermes  nerniger 

"^Bothc  n«  o  rke  r  o  were  attacking  my  flnpers  digging1  in' their 
their  laws.  The  soldiers  were  actually  digging  In  their 

sharp  Jaws  so  deeoly  that  the  blood  was  oozing  out. 


Anclstrotermea  amphldon 
Gold  Coast. 

In  timber. 


Ancistrotermes . guineensls 

- W.  AfricaT 

In  building. 
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Anclstrotemes  r?e rl  oh  ra  s  1  r 
C-old  Const.  " 

Very  destructive  to  houses. 

Cornltcraes  st rictus 

Argentina “ftruguay ,  Paraguay,  Brasil. 
In  v-'ood^ork. 

Hacrotermes  swaziae 
S .  Af rl  ca . 

In  timber. 

Mac  rot  ernes  ulcazll 
^.Africa. 

In  timber. 

Macrotemes  usutu 
South  Africa. 

In  timber. 


Macrotemes  belllcosua 

Be^ian 

Reported  destructive  to  timber  in  Nigeria. 
Uacrotermes  natnlenslfl 

Macrotcrmes  nlgerlenals 

S.  Mgerla,  Lagos,  Ivor;'  Coast,  Dahomey  * 

Reported,  destructive  to  timber  In  Nigeria. 

Mac  rote  me  s  gllvus 

^inlaya,  Indo- China,  Dutch  East  Indies  Phillnninoa  + 
Bamboo  and  wood  posts.  1  8’  rtllllT>T,lnes  t 


Mlcrocero  ternes  havllandl 
Sumatra, Borneo. 

In  timber. 


Mlcrocerotemes  helnl 
Ceylon,  India-: 

In  timber. 


Ml  crocero  terries  los-banle  ns  Is 
rhlllpmlnes . 

Woodposts . 

MiS roce rotermes  nerves us 
North  Australia^  “ 

In  timber. 


and 


Timor. 
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Nlcrotcrnes  obosl 
India . 

In  tinber. 

Microtomes  sudanensls 

French  Sudan,  Nigeria,  Cold  Coast. 

Timber  -  Nigeria,  Cold  Coast,  can  damage  folt  impregnated 
with  o0%  tar. 

Ml rotcinea  nelvll.i cnsls 
North  Australia. 

In  timber. 

Ml rot erne s  langl 
TongoTJelge. 

Lang  states  that  the  specimens  from  Medje  were  found 
attacking  the  house  In  which  he  was  living. 

Nesutl terrace  olldus 

FIjT 

Does  damage  to  wood. 

Maeutl terrace  usnmbarlonsls 
South  Africa. 

In  timber. 

Nasutlterraoe  van^lnlensls 

Solomons,  Blsnarcks,  New  Hebrides. 

Damages  tinber. 

Nasutlterraes  coylonlcus 
Toy  Ion. 

In  timber. 

Hasutl  to  tries  cornlger 
Central  Anc  rl  cn . 

Very  abundant  on  fence  nopts. 

Nn8utltcrno3  costalls 

frost  Indies,  Central  America,  northern  South  America . 

In  tinber. 

Nnsutltcrnes  ephrntno 

Central  America  and  N.E.  South  America. 

The  cloth  end  rubber  Insulation  were  eaten,  a.s  was  the 

wenthcr-propfed  braid  frorji  the  wires  leading  to  the  oveiv 
hcad  lights.  The  thickness  of  the  nibber  protection 
la  almost  1.5  millimeters.  Did  ^ot  attack  lead  or 
coppo  r. 

Nasut  Items  s  exltiosus 

New  South  Wales,  Victoria,  South  Australia,  West  Australia. 
In  tinber. 
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iJasutlteraes  lacustrls 
Ceylon. 

Attacks  v;ood. 

Nasutlterme s  luzonlcus 
Luzon,  Philippines. 
In  timber. 


Nasutltermes  natangensls 

Indo  Chinn,  Malaya  to  Java. 

In  "  "0f<3-fn«"'lne  srecles  which  freouently' 

Installs  i.self  in  houses  and  onuses  serious  dnnape. 


Nasutltermes  nlgrlcers  -  U, 
N.  ^V.  Mexico 

i'flille  not  re  sponsible  for 
damage  of  the  region, 
attacking  poles,  posts 


S. !  Hnldenan 1 s  black  naaute. 

any  large  proportion  of .  the  terrai 
it  was  found  on  several  occasions 
and  even  wood  of  houses. 


Nasutlteme s  rlppertl 
~A.  ~T~'  Indie  s 
In  timber. 


Nasutltermes  voeltzkowi 
Mauritius  1 

Building  timbers. 


Nc  sutlte rme  s  leucoos 
aalajra ,  Sumat  rn . 
In  timber. 


-exlcan  yellow-headed 


nasuie 


Nasutlterne s  mexlcanus  -  U.  S.: 

Mexico. 

In  numerous  Instances  this  species  was  found  building 
covered  ways  over  buildings  to  ™ooden  structures  and  in 
some  cases  a  certain  amount  of  damage  was  not£d  but  Jb 

observations  did  no?  lead  me  to’boUeJe 
h  thoy  ere  of  an^  considerable  econonlc  importance. 


Nasutltermes  zetekl 
Panama. 

In  timber. 


Ijft  sutlte  rme  s  lbldanlcus 
Nigeria. 

In  timber. 


_3ynacanthotermes  zanzlbarensis 
Zanzibar,'  Tanga  ngika . 

In  timber. 

To  rme  s  sp. 

Algeria. 

In  timber. 
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Termes  badlus 
S.  Rhodesia . 

In  buildings. 

T erne s  transvnalensis 
S~.  Rhodesia. 

In  buildings. 

Te mes  formosanus 

"Isia  from  C.  China  and  Formosa. 

Timber,  rice,  sugar  cane. 

Termes  redemannl 
Ceylon. 

Buildings. 

Termes  obs curl cons 
Xndo-Chlna j  Ceylon. 

In  Ceylon  damage  in  houses. 

Termes  ceylonlcus 
Ceylon. 

In  buildings. 

Termes  feac 

Indio]  5urma. 

Attacks  seedlings  of  Eucalyptus  rostratn  in  3outh  India. 
Timber;  wool;  books;  covers  its  food  nth  plaster. 

Termes  hornl 

Indo^Chlna,  Ceylon; 

Timber;  living  Coix  lachryna- .lobl . 

Te rncs  lntorlclus 

~  Africa* s.  of  Senegal  and  the  Belgian  Congo. 

Timber. 

Termes  nanoerans 

Senegal  to. Rhodesia. 

BuliSin^R  *n  S*  Rhof1csla;  can  attack  felt  lmorcgnatod  with 
oO,%  tar. 

S.mbloptern  -  Enbilds. 

Em bin  vnys3lorcl 
West  Africa. 

Stored  cereals,  peanuts  (by  ^ebbing  and  fermentation). 

Epheme roo tern' -  Mayflies 
Slam. 

Nymphs  of  two  species  damaging  submerged  wood. 
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socoptcra  -  Booklice,  barklice;  German.*  3tnublause;  Dutch!  hcutlulzr 

Caeclllus  nlgrotuberculntus 
Argentina 
Corn. 

Ch^etonsocus  rlchnrdsl 
England,  ^Vest  Africa. 

Cacao. 

Delpnopsoous  sohcclophlius  dlso^ rills 
Tost  Africa,  England. 

Cacao. 

Dorvpteryx  pallida 

North  Ane rice,  Europe. 

In  houses. 

Lnchesllla  nedlculerln 

Europe ,  Australia,  North  America. 

On  hangings  In  new  houses,  on  ol^  wood,  In  stabios;  sometimes 
In  buildings  in  large  swarms;  grain  products. 

Leplnotus  lnqulllnus 

Central  Europe,  Australia. 

In  houses  between  old  papers,  in  pillows;  firs. 

Leplnotus  or true 11s 

California,  Netherlands,  England. 

Once  In  a  house;  also  In  eolnach  seed, 

Leplnotus  retlculatus 
Central  Europe . 

In  houses. 

Ilyopocnena  annulata 
Central  Europe . 

In  houses. 

Ilymohopsocus  destructor 
Europe. 

In  new  buildings,  on  walls  and  esoe dally  on  hangings;  a  mold 
eater. 

Psooullla  marglnepunctata 

Malaya,  West  Africa,  England. 

Copra,  cacao;  granaries. 

Psylllpsoous  ramburl 
Central  Europe . 

In  now  buildings,  on  walls  and  especially  on  hangings;  a  mold 
eater. 
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Pteroranlum  squamosum 
Central  Europe. 

In  houses. 

Rhyonsoconsls  peregrlnus 
England . 

Stone . 

Stenotroctes  minor 

^st  Africa,  England. 

Cacao. 

Troctes  corrode  ns 
Europe. 

Houses,  warehouses;  grits,  buckwheat  flour. 

Troctes  dlvlnatorlus 
Cosmopolitan. 

Attacks  eggs  of  Angcumols  grain  noth;  feed9  on  molds;  pest  of 
books,  around  feed,  dried  vegetable  materials,  cacao,  flour 
cornmeal. 

Development  25~1}0  days;  30  days  at  SO°F,  65$  relative  humidit' 
killed  at  14o6F. 

Troctes  vl rerulatus 

Europe,  'Ve  s  t  Afrl  ca . 

Houses,  ’"arehou8es;  cacao. 

Troglura  pulsatorlum  -  U.  S.  ;  Book  louse. 

Cosmopolitan’. 

Feeds  on  molds,  dried  plants,  paste,  cornets,  upholstery, 
grain,  raisins. 

Tri  chontera 

Anabolla  laevls 
Europe. 

Cuts  fishing  nets, 

Anabolla  nervosa 
Europe . 

Cuts  fishing  nets. 

Gramma taullus  otomarlus 
’"northern  Europe. 

Cuts  fishermen’s  nets. 

Hydronsyche  ornotula 
Europe . 

Boring  In  submerged  w00d. 

Hydronysche  lenlda 
Europe  .'"* 

Boring  in  submerged  wood. 
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Hydrepsyche  pelluclda 
(  Europe. 

Boring  In  submerged  wood. 

Llmnorhllus  fin vlcornls 
Mo r them  Europe . 

Cuts  fishing  nets. 

Llmnorhllus  lunn tus 
"Europe . 

Cuts  fishing  nets. 

Llmnophllue  rhomb lcus 
Northern  Europe*! 

Cut 8  fl shins;  nets. 

Ne ure clips is  blnaculata 
""Europe . 

Boring  in  submerged  wood. 

Trlchortera  sp. 

Great  Lakes. 

Damaging  submerged  wood. 

Lepldoptera 

Achrola  grlsella 
Cosmopolitan. 

Seeds  of  Folygonatem  officinale,  walnut,  rare  seed  pine  seed 
beeswax  In  hive,  dried  apples,  raisins.  ’ 

Acrolepla  raonganeutls 
India. 

Stored  yams. 

Agios sa  capreaH  s 
"Co s  monolltnn. 

Corn,  chaff,  etc. 

Aglosea  dlmldln ta 
""Japan,  koren,  Chinn . 

Grain,  rice,  stored  products. 

Agios ga  olngulnells 

Europe,  Central  Asia,  Indio. 

Stored  borley. 

Aluclta  sp. 

Algeria. 

Stored  grain. 

Anchonomn  xe raula 
(  Japan. 

Stored  grain  and  plant  products. 
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Aohomla  soclella 

Europe,  North  America. 

Neete  of  wa0ps,  bumblebees,  dried  vegetable  products 

Arenloses  sabella 
Iraq. 

Dried  dates. 

Arlstotella  austerooa 
Indie . 

Hlce . 


A the  tie  clavlpalpls 
~?urone  and  Northern  Aala.  . 


’■Vool,  cotton,  artificial  silk  but  not  linen  -  said  only  to 
h0USea  ln  first  summer  following  a  new  straw 
thatching.  Normally  in  ricked  grain  or  peas;  a  field  pest 

equahhenerp:ea  ln<?oors;  stored  "noles,  peaches,  cucumbers, 


Aurlnobasla  normolls 

England,  South  America. 
In  seeds. 


Ba.ctra  lanceolana 

Europe  and  near  East. 

In  stored  chufa, 

Bntodes  angustlorana 
England. 

Stored,  wrapped  apples. 

Blastobasls  llgnea 
England,  Australia. 

Dry  skins. 


Borkhnusenla  minute 11a 
Europe. 

In  seeds. 


Borkhnusenla  psoudospre telle  -  U.  S. :  seed  moth: 
clothes  moth;  Gorman:  Snmenmotte;  English: 
false  clothes  moth. 

Temperate  regions. 

Attacks  books,  dried  mint,  wool,  grain  refuse, 
etc.,  cloth,  Insects,  stored  hope,  carpets, 
those  covered  with  load  foil  are  protected* 
hair,  legume  seeds,  barley,  fur,  figs,  date 
Larva  prefers  damp,  dark,  unheated  olrces. 


English:  Amerlcr 
Brown  house  notl 


seeds,  skins, 
»’ine  corks  but 
baled  human 
s,  upholstery, 


Cecoecla  f rrnclscana 
California. 

Apples  in  storage. 
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Celaraa  sorghlella 
'"“Southern  United  States. 

Hare  in  stored  grain. 

C.lrohls  zeae 

Mediterranean  Region  to  Turkestan. 

Stored  corn. 

Corcyra  ceohalonlca  -  Dutch:  rijstmot;  English:  rice  moth,  wolf 
noth. 

Cosmopolitan. 

Rice,  cacao,  corn,  coora,  manufactured  chocolate,  locust  beans, 
pigeon  peas,  tamarind  rods,  dried  currants,  amy  biscuits, 
peanuts. 

Development  in  summer  2S-42  days;  killed  at  120°-  130°F. 

De cad arch is  minuscule 
~Tropi coroll  tan. 

Dry  stems,  leaves,  cods,  etc.;  not  recorded  as  economic. 

Dole sea  viridis 
Borneo,  Malaya. 

Illipe  nuts,  rice,  copra,  oil  oalm  kernels. 

Dryadaula  pactolia 

England]"  New  Zealand . 

In  house. 

Dysmosla  parletarlella 
Europe. 

Normally  feeds  on  molds  but  is  recorded  as  attacking  sausages. 
Two  generations  a  year. 

Endrosis  lacteella  -  English:  white- shouldered  house  moth; 

German: Eielstermotte. 

Cosmopolitan. 

3tored  grain,  dried  anemone  roots,  seeds,  etc.,  dried  peas,  rye 
cabbage  seed,  horsebeans,  fruits,  dried  skins,  dried  neat 
wool.  Killed  at  122°-l4o°F. 

Eols  pt  elearla 

"”3.""^]  United  States  to  Pennsylvania. 

In  herbarium  specimens. 

Ephestln  afflatella 

Italy. - 

Date  a . 

Ephe st ' a  cahlrlteila  (This  may  be  the  same  as  E.  cautelln). 
Tronlcooolitnn.  ” ' ’  "  " ~ 

Meal,  grain,  rice,  flour,  dried  fruits,  almonds,  nuts,  cacao 
corn,  figs.  ' 


26S 


Ephestla  calldella 

Europe and  the  near  East,  North  Airies. 

Almonds,  cork,  dried  figs,  currants,  etc.,  dates,  raisins, 
dried  Insects,  carob  beans. 

Ephestla  cautella.  -  West  African:  cacao  moth^  U.  S. :  fig  moth; 

- 07  3.  official :  almond  moth;  German:  Dattelraotte; 

Australian:  dried  fruit  moth;  Dutch:  chocolademot . 

Cosmopolitan.  ,  ^  ^  • 

In  cacao,  conra,  rice,  cottonsoed  meal,  neanuts,  stored  grain, 
corn,  snwnrie  nuts,  figs,  dates,  almonds,  nutmegs.  Larvae 
can  penetrate  tinfoil,  aluminum  foil,  greased  paper,  but 
not  lg-raesh  gauze. 

Development  about  82  days  at  gOoF;  five  to  six  generations  a 
year  in  tropics, 

Enhestia  e lute 11a  -  U.S. :  chocolate  moth;  U.  S.  official:  tobacc 
moth:  German:  Kakaoraotte. 

Cosmopolitan.  .  ^  ,  .  ,  ,  .  .. 

Tobacco,  chocolate,  walnuts,  cacao,  stored  grain,  orled  fruit, 
lima* beans,  currants,  raisins.  Larvae  can  penetrate  tin- 
foil,  aluminum  foil,  greased  paper,  but  not  lg-nesh  wire 

Developed  at  75°-SO°F  in  *0  days;  optimum  termerpture  f$6°  - 
gg° F,  minimum  59-6g°F,  moisture  lo£,  'tilled  at  113  F. 

Ephestla  flgulliella  -  U.  S. :  raisin  noth. 

Cosmopolitan. 

Dried  fruit,  cereals,  walnut  meats,  hazel  nuts,  cashew  nuts, 
dates,  raisins,  figs. 

Ephestla ’ glvclnlvora 
"’"Japan. 

In  grain. 

Ephestla  kuehnlclle  -  U.S. :  Mediterranean  flour  rnoth^  German: 

- ITehlmotte ;  "French :  papillon  grls  de  In  farine;  Dutch: 

neelmot Jo.  (The  correct  scientific  n^ne  of  this  species 
Is  E.  scricarlum.  but  I  use  the  name  found  in  the  economic 
literature. ) 

Like  many  other  Important  species  this  one  is  cosmopolitan. 

Although  best  kno«n  ns  a  grain  and  flour  pest,  its  attack  on 
other  foods  is  not  unimportant.  I  find  reported:  dates, 
chufa,  figs,  almonds,  nuts,  raisins,  cacao,  chocolate,  army 
biscuits,  besne,  dried  peppers,  dried  ban onn,  dried 
vegetables,  "Jelly  cubes",  stored  potatoes,  in  addition  to 
grain  and  meal.  The  larvae  do  not  penetrate  paper  but  can 
pass  through  tiny  openings. 

Development  requires  8  to  9  ^eeks  in  summer.  The  eggs  hatch 
only  between  53°F  and  90°F  although  the  lowest  temperature 
for  development  is  said  to  be  4-6  F,  I  have  found  no  data 
on  moisture  requirements. 
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This  flour  moth  Is  killed  at  115°F  In  3  hours  and  at  10°-15°F 
In  4  days,  but  old  larvae  and  puoae  withstand  }2°F  for 
several  months. 

Ephest lodes  nigrella 
dal 1 fornl a . 

Dried  fruit,  raisins. 

Eplthectls  stuc'losa 
India. 

Rice . 

S re ch thins  ze  brine. 

Trooicopolitan. 

Probably  In  any  dry  vegetable  material,  not  recorded  ae 
economic. 

Etlella  zlnckenella 
Widespread. 

Legumes  (This  Is  apparently  an  accidental  pest,) 

Sul In  velutlnana  -  U.  S. :  Red-banded  leaf- roller. 

United  States. 

Surface  Injury  to  stored  apples. 

Suzophera  sp. 

Oases  "of  Blhnrin  and  Siwn. 

Dotes. 

Hadena  boslllnea 

Northern  Europe  and  Asia. 

Granaries,  but  does  not  continue  to  breed  In  stored  grain. 

Herculla  osammoxantha 
North  America. 

Soybeans. 

Homoeosoma  vagella 
Queensland. 

Feanuts. 

Hypsopygla  costalis  -  U,  S. :  clover  hay  wonn. 

Central  and  South  Europe,  Wast  Asia,  North  Anerlc*. 

In  hny,  grain. 

Mnmoava  bipunctella 
— fs  rmosa. 

Italian  millet. 

Ho nop la  crocloapltolla 
Cosmopolitan. 

Seeds,  wool  refuse,  etc. 


Mongols  dlcycla 
India. 

Wool. 

Monoois  ethelella 

South  Australia,  New  Zealand. 

Soiled  stored  fleeces,  skins. 

Mongols  ferruglnel3a 

Europe,  North  Afrl ca . 

Seeds,  wool  refuse,  etc. 

Mongols  lmella 
Palaearctic . 

Fur  scrap,  felt,  etc. 

Uonools  monacheila 
flosmopol 1 ta  n . 

Dry  skins,  wool,  refuse. 

Mongols  rustlcella  -  Geman:  Fellnotte 
No rthe  rn  hemisphere. 

Excrement,  wool. 

Unssldla  nlgrlvenella 
West” Africa,  England * 

Cacao,  stored  corn,  cereals. 

livelols  ceratonlae  -  German:  Johannisbrot zunsler 
'  fiu rooe ,  Af r i ca ,  Central  and  South  America,  Madagascar. 

Leguminous. seeds,  dried  dates,  etc.,  tamarinds,  carob  bean, 
figs,  raw  cork  bark,  almonds,  raisins,  auince,  dried 
insects; 

Myelols  Phoenicia 

Algeria,  West  Europe . 

Dried  dates.  ■ 

Hyelols  solltella 
Brasil. 

Coffee  seed. 

Myelols  turMieimiella 
Southern  fiu rooe. 

Figs. 

My e 1 o 1 3  zellerella 
Europe  (imported) . 

Date 8. 

Nemaoogon  granella  -  U.  S.  :  wolf  moth:  U.  S.  official:  European 
grain  motKT  German:  Kornmotte. 

Cosmopolitan. 


Stored  groin,  chestnuts,  dried  one none  roots,  rye,  "heat,  cor. 
-lnonds,  hazel  nut,  peanut,  rice,  bran,  shnros,  dried  nush- 
rooms,  dried  bilberries,  dried  cherries,  dr lea  peaches, 
clover  seed,  ergot,  cigars,  dextrin  paste,  biscuits,  -lgs, 

olstnche  nuts.  ,  .  )l7iOn 

Two  generations  a  year  In  Germany,  developmental  zero  ^ • 


Ocgoconlr  ouadrlpunctntn 

Northern  Hemisphere  end  New  Zealand. 
Dry  vegetable  refuse. 


Oenoohlla  v-flnvum  -  Goman:  Weinmotte. 
3.  W. Europe . 

Wine  corks. 


Oooronn  subcervlnollc 

"Try che lie s  a nd  other  islands  adjacent  to  Africa. 
Stored  potatoes.  .  . 


Parallpsa  gulnris  -  U.S.:  bean  noth,  rice  noth;  German: 
Sanenzunsler. 

Cosmopolitan.  ,  ,  .  _  ..  , _ , 

Stored  grain,  prunes,  but  not  other  dried  fruits;  nlnonde, 

rice/  rye,  soybeans,  flaxseed,  peanuts,  beans. 


Phthorlnaea  operculella  -  U.3.:  potato  tuber  moth;  French^ 

t eigne  de  la  pomme  do  terre;  Spanish:  oolllla  de  la  oatata; 
Portuguese:  trapa  da  batatlnha;  Goman*.  K°rtof felnotte , 
Dutch:  anrdnppel  knollenruos;  Italian:  tlgnuola  della  pata 

Widespread,  largely  tropical. 

In  stored  potatoes,  successive  generations  In  sane  stored 

tubers  eggs  nay  be  laid  directly  on  tubers,  eggplant;  it  1 
probable  that  this  species  does  not  attack  the  tomato. 

Life  cycle  27-50  days;  37  days  at  66°F. 


Phthorlmnea  plncslosona 

Peru,  Chile,  Now  Zealand,  Australia. 
Fotatoes,  eggplant.  .  . 


Plodla  intcrounctelln  -  U.S.:  Indlan-meal  moth;  German.. 

- DiJrrobs trapt te7"fcngl  1  sh :  dried  fruit  moth;  Australian: 

lesser  dried  fruit  moth;  Japanese:  noshime-koguga. 


Cosmopolitan,  ,  . 

In  coffee  substitutes,  chocolate,  drugs,  walnuts,  corn,  etc. 
dried  fruit  of  all  kinds,  nuts,  flour,  cereals,  chick  peas, 
table  beans,  peanuts,  tea,  coffee,  cottonseed  meal,  dates, 
snwarle  nuts,  seeds  of  Scorzone ra  tau- saghyz ,  chestnuts, 
currants,  rice,  chestnut  flour,  soybean  flour,  raisins, 
dried  bananas,  dried  nect"rines,  prunes,  dried  pears,  dried 
peas  dried  radishes,  dried  carrots  «nd  other  dried  vege¬ 
tables,  almonds,  hazelnuts,  pine  nuts,  linseed,  palm  seed, 
sesame,  soybeans,  chillies,  nougat. 

Killed,  in  fruit  by  a  temperature  of  Ik*??  for  10-15  ’ minutes. 

It  is  r° commended  to  heat  packages  of  fruit  to  125-13U 
for  one  hour  after  packaging. 
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Mature  larvae  can  penetrate  tin  foil,  aluminum  foil,  pressed 
tjaner,  but  not  lS-mesh  wire  gauze.  Sulan  treated  fabrics 
not  touched.  Chocolate  does  not  attract  females  and  a 
thick  coat  protects  fruit  cakes,  marzloan,  etc.,  but  an 
old  coating-  Is  not  protective.  Can  gnaw  out  through  walnut 


shells. 

One  to  six  generations  a  year,  upper  limit  of  egg  hatching 
about  390F.  Adults  die  at  once  at  117°F  or  in  30  minutes 
at  1110?1.  Larvae  can  develop  in  floor  duet,  May  develop 
at  R4dF.  Optimum  temperature  330F,  development  zero  5<?°F 
Development  about  four  weeks  in  summer.  Killed  at  10-15  F 
in  five  days. 


Pyralls  farlnalis  -  U.S. :  meal  moth;  German:  Kehlriinsler. 
Cosmopolitan . 

Stored  grain,  bean  cakes.  Development  In  summer  about  7  weeks 


Pyralls  llenlglalls 
Northern  Surooe . 

Grain. 

Pyralls  manlhotalls 

Central  and  South  America,  India,  Japan. 

Meal,  peas,  dried  fruit,  chocolate. 

Pyralls  plctalls 

Indo-Halaya,  India. 

Illipe  nuts,  grain. 

Pyroaerces  rlleyl  -  U.  S. :  Pink  corn  worm. 

Southern  United  States  to  Brasil. 

Sometimes  in  stored  corn,  not  usually  serious;  cottonseed. 

Santuzza  kuwanll 
Japan. 

Stored  grain. 

Se tomoroha  lnsectella  -  U.  S. :  Insect  moth. 

Troricooolitan^ 

Cassava,  animal  and  vegetable  natter,  wool,  grain. 

Se tonorpha  rutella  -  Dutch  Cast  Indies:  tabaksnot. 

Tropicopolltan . 

Great  variety  of  dry  pnlmal  and  vegetable  substances,  cacao, 
tobacco,  wool,  seeds,  grain. 

Se tomoroha  tlneoldes 
Java. 

Damp  stored  coca,  wool. 

Sitotroga  cere ale 11a  -  U.  S. :  Angoumols  grain  moth;  German: 

Getreid.emotte;  Italian:  vera  tignolo  del  grano;  Dutch: 
rijstnot;  Snnnlsh:  polllla  del  trigo  or  polilla  del  grano; 
Mexican:  palomllle. 

Cosnomoll tan. 

Stored  corn,  sorghum;  also  in  fields;  wheat,  rice,  beans,  peas 
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Reproduces  between  64°  end  95 °F.  Egg  to  adult  about  55  days. 
23  Qfiys  at  82£°F  to  60  days  at  6l®F.  Does  not  nature  at  8ft 
noisture  in  wheat  but  can  at  1 2%,  Minimum  temperature  abov 
59°F,  development  zero  50f°F;  killed  at  176°F  in  15-20 
minutes;  killed  at  l4o°F  in  jit  hours. 


Symmoca  slgnatella 
~7T  &  S.  Europe ,  North  Africa. 
Dry  vegetable  refuse. 


Sy rl a  so. 

Gnses  of  Bahnria  and  Siwn. 
Dates. 


Thagora  flgurana 

Jaoan  and  Dutch  East  Indies. 

Rice,  com. 

c X.oflC€?llP  -  U.  S. :  cork  moth;  German;  Schleusenmotte. 
Northern  Hemisphere. 

Stored  grain,  dried  anemone  roots,  bottle  corks,  dried  mush¬ 
rooms.  Frefers  high  noisture  content. 

Tinea  dltella 
Great  Britain. 

Stored  gralho. 

Tinea  fusclounctella  -  German;  Nestermotte. 

Cosmopolitan. 

Animal,  vegetable  refuse;  leather,  seeds,  dried  fruit.  This 
Is  a  clothes  moth  In  Australia  and  Hew  Zealand;  common 
clothes  noth  of  India, 


Tinea  lapel la 

Central  and  Southern  Europe,  Asia  Minor,  England. 

>Vool,  rugs,  warehouses. 

Il.nea  ml  sella  -  Gemani  Ruleenf  ruchtnottc . 

Northern  Hemisphere. 

Tobacco  seed,  skins,  dried  plants,  flesh,  corn,  grain,  peas. 

Tinea  opslgona 
India. 

Horn. 


Tinea  pachysolla 

Tronlcai  Africa  and  Asia. 

Domestic,  probably  In  wool. 

pglieecentellft  -  English:  large  pale  clothes  moth, 
iurooe. 

Grain,  skins,  wool. 

Ilnga  pelllonelia  -  U.S.:  case  bearing  clothes  noth;  German: 
Felzmotte . 

Cosmopolitan. 

Wool  and  other  animal  fibres.  Can  use  silk  and  nylon  to  some 
extent  but  does  not  attack  clean  silk. 
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Tinea  personella 
Europe . 

Stored  grain. 

Tinea  secalella 
TiTurope . 

Stored  grain,  rye.  Three  generations  a  year. 

Tinea  senlfulvella 
Europe . 

Wool. 

Tinea  vastella  -  French:  Teigne  des  cornes;  German:  Gehornnotte 
Tropical  Africa . 

Dried  fruit,  horn. 

Tlneola  blselllella  -  U.S.:  webbing  clothes  noth:  French:  teign* 
des  vet erne nt  s;  German:  Kleidemotte:  English:  common  clothes 
noth . 

Cosmopolitan. 

Wool;  wool  without  fat  Is  not  a  very  satisfactory  diet.  In 
casein,  fish  meal,  baled  human  hair,  groats,  vetch  seed, 
grain,  wheat,  corn,  fur,  does  not  attack  clean  silk. 

One  to  four  generations  per  year.  Optimum  temperature  77°F. 
Eggs  killed  at  3?°F  and  larvae  at  l6°F.  Temperature  range 
17?0"950f’.  Eggs  do  not  develop  below  Newly  hatched 

larvae  can  ^ags  through  openings  of  .004  Inch. 

Tlneola  walslnghaml  -  U.  S. :  plaster  bngworm. 

Florida. 

Feeds  on  wool. 

Tine ops Is  theobromae 
United  States. 

Cacao. 

Tortilla  vlctrlx 

Sudan  ( Introduced  In  United  States) 

Dried  senna  leaves, 

Trochyleoldla  f ructlcesslella 
'Germany. 

3eeds  of  Cassia  fistula. 

Trlchophaga  abruptella 

— THdi^r - 

Clothes  moth. 

Trlchophaga  tapetzella  -  U.S.:  tapestry  moth;  U.  S.  official: 
carpet  noth;  derma n:  Tametenmotte ;  English:  white  tip 
clothes  moth. 

Cosmopolitan, 

Wool,  fur,  hair,  feathers,  skins. 
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gerrrt  nine  clip  -  U.  S.  :  dried  fruit  noth 
Western.  United  States. 

Fi^'n«alslns'  orunes’  Development  about  gg  days  rt  about 
J2UF. 

Xylonyge s  c rldanlr  —  U.  S.  .*  sen! tropical  armvwonn 
5.  E.  United  States. 

Sw^et  potatoes  during  curing. 


Colo ou torn 


Anobi  idae  -  Co  mem  Pochkrfcr 


An  obi  urn  magnum 
"f?eW  Zefila'nd. 

Cruses  severe  damage . to  spruce  and  rinu. 


--U?b  1 un  2MH£ t a t un  ~  U.S.:  furniture  beetle;  German:  ’ Totenuhr 
g«8treiffo  Hoi zbohr.br. for;  Dutch r  klopkevert ,je.  ' 

widespread  -  temperate  regions. 

Infestations  generally  in  snotvood;  attacks  books,  oerfora- 
ntlon  of  linen  cloth;  does  not  attack  Eucalyptus  timber 
in  Tasmania.  Development  £?-3  yenrs. 


Celynmederua 

Chile. 

Furniture. 


capuclnus 


Cnlynmadorus  lnclsus  -  Australian;  Queensland  pine 
Australia,  Queensland. 

lood  borer  in  Arruc nrir  cunnlnghnml  (hoop  pine). 

Crlymmpderus  oblongus  -  if.  S.  :  Mexican  donthwatch 
United  3tntce,  Mexico. 

Wood  borer. 


beetle. 


beetle . 


Eupftctus  oblonrua  -  U.  S. :  Mexican  dcnthwatch  beetle. 
Mexico. 

Timber. 


C^tomnn  bibliotheca  run 
Troplcopolltan^ 
Books. 


Ca  torrnn  he  rba  rlutn 
~ Trool coool i  t  a  n . 

Upholstery,  books,  corn  brooms,  wood,  nutmegs. 

Catoraraa  nelorl 
^Germany . 

In  tobacco  and  other  stores. 

Catorama  mexlcana 
Hawaii  7'  f-.icxico. 

Crain. 
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Cato ram*\  rune  tula  ta 

Southern  United  States. 

Corn,  corn  meal,  . flour. 

Catorana  tabncl  -  U.S.:  Larger  tobacco  beetle. 

Holarctlc  and  Nootroolcal. 

Tobacco. 

Ca torn ran  zone 

England,  Be rba do s . 

Corn. 

Coolostcthua  rertinax  -  German:  Trotzkoof 
FaTa  earctic. 

Stored  products. 

Cooloatethus  trunentus  -  U.S.:  Pine  deathwntch  beetle. 

Pacific  States. 

Pine. 

Dorce tone  blbllonhagum 
Troolcoooli tan. 

Books. 

Dorcrtona  spp. 

Tronic s.  * 

Timber,  books,  naper6. 

Ernoblus  nollie 
Cosmopolitan. 

^Tood  borer,  snpwood  under  bark  only;  rarer;  sulnhlte  oarer 
near  unbarked  wood.. 

Gastrallu3  lndlcua 
India. 

Books, 

Ga8traliuB  laticollla 
Java.  ~ 

Books,  actually  the  n~ste. 

Hadrobrcnnus  crrinntus 
'  United  State a . 

Wood  borer. 

Had rob re gnus  destructor 
Alaska. 

Wood  borer. 

Hadrobrogmus  glbblcollls  -.U.S.:  California  denthwrtch  Vetl< 
Jt-a.ciflc  3tates,  British  Columbia. 

Wood  borer,  Douglas  fir. 
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Hadrobregnua  ruf Ices 
Palaearctlc. 

Stored  products. 

Hedobla  lncerlalls 
Europe . 

'■Vood  borer. 

Lasioderma  serrlcorne  -  U.3.:  cigarette  beetle*.  Italian: 

tarTo  del. taSacco;  German:  Kleiner  Tabakkafer;  Dutch 
East  Indies:  tabaksboeboek. 

Cosmopolitan. 

Stored  tobacco,  rice,  corn,  cacao,  dried  fish,  saffron, 
sugar,  cottonseed  meal,  can  perforate  linen,  adults  wil 
gnaw  put  through  various  fabrics,  young  larvae  can 
penetrate  twill,  racking  caper,  cellochane,  slsalkraft 
carer.  Stored  wax  of  Cocoa  coronate,  cottonseed,  bean, 
dried  figs,  cayenne  career,  ginger,  dried  dates,  orris 
root,  curry  cowder,  starch,  dried  yeast,  oolum,  rarrlko 
tumeric,  spices,  liquorice,  belladona,  cyretherum  cowd^ 
cane  and  rattan  work,  books,  pun  wads,  raisins,  uchol- 
stery,  rugs,  tnrestry,  silk,  grain  and  cereal  croducts, 
copra,  peanuts,  curcuma  roots,  rhubarb  roots,  ergot, 
stramonium  hyoscyanus,  coffee  beans,  cumin  seeds,  ere- 
cared  fish  food,  dried  bananas,  nutmegs,  anlseseed, 
cumcklns,  tamarind  seed. 

Controlled  In  books  by  l4o°-l45?  for  six  hours.  Develoc- 
nent  6-7  weeks  In  trocics.  Killed  at  130  -140°'  In  two 
hours,  at  25°F  In  seven  days,  15  minutes  at  l4o°F. 
Octimum  tencerature  90°,  75^  relative  humidity,  minimum 
30^  r.h.,  minimum  temcernture  55°F* 

Las  lode  mn  testaconn 
India. 

Peanut  cake,  coconut  crkc. 

Neogastrallus  llbrlnocons 

Florida  (Introduced),  Cuba. 

Books,  e  see  dally  cloth  and  binding. 

Nlcoblum  ca  staneum 
Holarctlc. 

flood  borer  In  furniture  and  yellow  pine  lumber;  attacks 
books  In  Scain. 

0 china  ctlnoldos 

Central  and  South  Europe,  England, 
flood  borer. 

Cllgomerus  obtusus 

Bermuda,  United  States. 

Drnnglng  woodwork. 
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01 lgomerus  Ptlllnoldcs 
Europe,  North  Africa. 
Wood,  borer  In  furniture. 

Platybregnus  canadensis 
Canada .  “ 

Wood  borer. 


Ptlllnus  oe ctlnicornis 

Europe  and  the  Cauc a s u s . 
Wood  borer. 


U.S.:  drugstore  beetle;  German:  Brotkafer 


Sltodrena  oanlcea  - 
Cosraoooli tan. 

glu!i  ™ste  or  c?,sein;  coriander  seed, 
finger,  -.eather,  flour,  ice  cream  powder,  grain  »nd 

^roduct?>  b00ke.*  ^nboo  and  a  little  damage  to 
ivory  gue  primary  attractant;  onion  seed,  lettuce 

bonesatflkif  8  g?°d8'  drled  olrnts>  rhubarb,  chamomile, 
wn  ^  ^3uorlce*  peppermint,  breakfast  foods,  dried 

strychnine?^  r,0'>‘8’  chocolrtG-  Pepper,  coffee,  drugs. 
Development  66-230  days;  optimum  tenoerature  79°-g2^°. 


Tryoonltys  carplnl 
^urooe ,  Asia  Minor. 
House  roots. 


Tryoboitys  punctatus  -  U.3.  : 
ST n, States  and  Rockies. 
Timber. 


western  deaths  oh  beetle. 


m: u-  3-!  dsnthwatch  bcetle--  «•»»»« 

Cosmooolitnn. 

,00dnr)0^nA  T'l'  •  Re<’ulres  pt  least  &%  moisture 

port  of  biudlnps  f’en°r'’'Uy  ?ound  ln  th3  l°*er 


Xy Ictinus  pcltrtus 
United  States. 
Timber. 


Anthicldae 


Anthicus  australis 

Austral  1  a  —  ve ry  ra ro . 

Dried  pears. 

Anthicus  elegans 
Australia. 

Stored  wheat. 

Anthicus  floralis 
Cos  moooT 1 1  a  n . 

Water  chestnuts,  wheat,  dried  fruits 
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Bostrichldae 


Anohlcerus  anobloldes 

Arabia/  Iraq  to  Indo- China. 

Wood  borer,  timber,  bamboo,  tent  pegs. 

An  phloems  blneculatus 
Mediterranean  region. 

Wood  borer,  also  in  lead. 

Anohlcerus  comutus 
Neotropical,  riawai i . 

Fence  posts,  stakes. 

Anphlcerus  hamatus. 

North  "Sme ri ca . 

Wood  borer,  oak. 

Aoate  monachus 

Germany,  Tropical  Africa,  Mediterranean  region, 
Dried  bananas. 

Apatlaes  fort 1b  , 

Southern  United  3tates. 

Mesquite  wood. 

Apple on  eftax 

India  and  Inao-Chlna  to  Java. 

Timber. 

Bostrychopllteg  cornutus 

Africa,  Madagascar,  Mauritius. 

Timber. 

BoBtrychopllteo  oroductu3 
Congo  to  Sierra  Leone. 

Timber 

Bostrychopsls  bengalensls 
India. 

Timber,  bamboo,  tent  poles  and  pegs. 

Bostrychopsls  jesulta 
Australia. 

Lead  Cables. 

Bostrychopsls  parallels 

India  to  Formosa  and  South  to  Java. 

Timber,  bamboo,  tent  poles  and  pegB. 

Boatrychua  caouclnus 

Europe ,  South  Africa,  3.  W.  Asia. 

Wood  borer,  rare  in  oakj  lead,  to  14  ram  thick. 


Antilles 


Bostrlchus  cyllndrlcus 
Ifew  South  Tales. 

Damages  telephone  cables,  tlnber. 


Calopertha  trn non tula 
Tn^lfl,  No rth  Africa . 

Fuel  wood. 

Dlnoderus  blforeoiatug 
Trooicooolitan. 

In  druprs,  cassava,  derrls,  grain,  flour,  timber. 

Dlnoderus  brevis 

I  no 1 a  to  Philippines,  Stinds  Is.,  Jamaica. 

Bamboo,  furniture,  timber  tent  pins. 

Dinode ru3  dlstructus 
Philippines. 

In  dried  roots  of  Jatrorhlza  nalmata. 

Dlnoderus  favosus 

India,  ^Assan,  Indo-China,  Audanaus. 

Tlnber. 

Dlnoderus  ml nut us  -  U. 3.:  bamboo  borer, 
oou the rrf  United  States,  TropiconolitRn. 

Occasional  in  drugs,  feoices,  tobacco,  trains,  etc,,  rattan 
rice,  derris  roots,  attacks  some  snecies  of  bamboo 
cotton  goods  crated  In  bamboo,  corn,  ginger,  cacao! 
chestnuts,  dried  bananas. 

Dl node rus  oblonropunctatus 
French  Guinea. 

Dried  sweet  potatoes. 

Dlnoderus  oce  Haris 

"Burma,  Tndo-Hnlayn,  Ab«'m,  India,  Ceylon. 

Bamboo,  teak. 

Dlnoderus  oorcellus 
Guinea. 

Dried  sweet  potatoes,  raffia. 

D inode  rus  sp. 

iiaurltlus  (imported  from  Indo-Chlna) . 

'•Vood. 

Heterobostrychus  aequalla 

India  to  Philippines,  iladngnscar,  United  States  (in  box 
boards  from  India),  Mauritius  (introduced),  Bhutan. 

New  Guinea.  *  ‘ 

^ood  borer,  boring  from  wood  into  tin  (so-cnlled). 
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He terobostrychus  brunneus 
Africa,  Madagascar. 

Wood  bcrer. 

He  terobosti^ychus  hamatlnennls 

India  to  Indo- China, ’ Iledafraacar. 

Timber. 

He te robos t ry chus  olleatus 
India  to  the Philippines. 

Rare,  in  stores;  timber. 

He teroboatrychus  unicornis 

India"  lnno-China,  Ha  darn  scar,  Assam. 

Rare  in  timber. 

Illcrapate  punctlcollls 
"  d-ernany f  South  Ane rl ca ,  Antilles. 

In  wood. 

Mlcranate  braslllensls 

South  America,  Uruguay,  Brasil 
Wood  borer,  also  in.  lead. 

Polycaon  stoutl  -  U.  S. :  Black  oolycnon. 

Western  United  States. 

Wood  borer,  furniture. 

Prostenhanus  nunctatus 

North  America,  Central  America. 

Wood  borer,  oak. 

Prostenhanus  truncntus  -  U.S.:  larger  grain  borer;  German; 
gro3se  Kornbohrer, 

Californio,  Brosll. 

Corn,  edible  roots,  tubers,  '"ood,  groins. 

Psoa  dub la 

"Mediterranean  region. 

Attaching  books. 

Psoa  vlennensls 
"  "Central  Europe . 

Dry  wood. 

Rhlzorertha  donlnlca  -  U.3.:  lesser  grain  borer,  woodbug; 
"Mermanl  &etrelde-Kn-ouzlner. 

Cosmopolitan. 

Stored  grain,  flour,  leather,  wooden  ware,  rice,  cassava, 
a  library  nest]  stored  drugs, .naner,  shin  and  army 
biscuits,  bookbindings,  corn,  Lonchocarpus  sn. ,  pith 
helmets  made  with  flour  paste. 
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Egg  to  adult  about  one  nonth  In  summer.  May  be  killed  In 
’  3  minutes  nt  112eF  and  at  l46°F;  optimum  temperature 
about  95°F,  minimum  about  60°F.  Minimum  moisture  less 
than  in  grain. 

Hhlzooertha  horde  am 
"Formosa. 

Grain.  .  . 

Scobj  la  decliyia  -  U. S. :  lend  cable  borer. 

Western  United  States. 

Bored  through  a  four  layer  asphalt  roof  with  a  cap  sh^et 
of  mineral  surfaced  roofing;  lead  aerial  cables;  wood 
borer;  thin  sheets  of  copper. 

Scoblcia  pu3tulata 

Mediterranean  region. 

Boring  into  lead  gas  oioe. 

Slnoxylon  anale 

Uew  2e aland,  Palaeotropics. 

In  tent  pegs,  derris  root,  cassava  roots. 

Slnoxylon  ceratonlae  . 

Senegal  eastward  to  Red  Sea. 

Legunlnous  timbers. 

Slnoxylon  conlgerun 

Trooico^olltan  except  Australasia. 

Cassava,  timber,  load. 

Slnoxylon  crnssun 

India  to  Indo-China  south  to  Dutch  East  Indies. 

Timber,  tent  pins. 

Slnoxylon  lndlcum 

India,  Burma,  Iraq. 

Tent  pins,  small  wood. 

Slnoxylon  nalaccpnum 
Ualnya. 

Derris. 

Slnoxylon  pubens 

— rSdTKT  - 

Timber. 

Slnoxylon  pugnax 
India . 

Timber,  tent  pins. 

Slnoxylon  ruf lcorne 

Senegal  to  Ethiopia  and  south  to  the  Cape. 

Borlncr  into  lead  aerial  cables. 
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Sinoxylon  ruprlcanda 

- HSlfljrn.  — 

Derris  roots. 

Sinoxylon  senegnlense 
Senegnmbie,  Egypt . 

Wood  borer. 

Sinoxylon  sexdcntetun 
Mediterranean  region. 

Wood  borer,  also  In  lend. 

Sinoxylon  sudanlcum 
India,  North  Africa. 

Timber,  tent  pins. 

Sinoxylon  tlgunrlura 
India. 

Timber. 

Tctraprlocera  longlcornls 

Central  America  and~Antilles,  Columbia,  Venezuela. 
.Wood  of  mora. 

Xyllon  adustum 

South  Africa,  West  Afrlcp,  Madagascar. 

Wood  borer. 

Xyllon  cyllndrlcua 

Australia,  tnsmanlP . 

Wine  casks. 

Xyloblops  bnsllare 

United  States,  "England  (imported). 

Wood  borer,  ash,  hickory,  persimmon,  continuous,. 

Xylopertha  crlnltarsls 
test  Africa,  Uganda. 

Wood  borer. 

Xy loner the  plcea 

Sudan,  Madagascar,  tropical  Africa,  Brasil,  western 
Mediterranean. 

Timber,  bamboo. 

Xylopertha  sp. 

Australia. 

Lead  Cables. 

Xyloperthpdes  nltldlponnls 

Senegal  to  Kenya  and  Angola:  S.  E.  Africa. 

Timber. 


Xylopsocus  caouclnua 
Troplcooolltnn. 

Wood  of  morn,  derrls  root, 

Xyloosocus  glbblcollle 

ita’v  Soutn  .7n.lea,  New  Guinea. 

Bores  Into  lend. 

Xylot>8ocu8  sellntus 

2nst  and  South  Africa,  Madagascar. 

Wood  borer. 

Xyl0T)80CU8  radula 

India,  Burma,  Ceylon,  Sumatra. 

Timber. 

Xylothrlos  fin vine a 

Philippines,  llsdngascar,  tropical  Asia. 
Derrls  roots,  timber. 

Xylothrlos  rellgloaus 
~  Hawaii,  Polynesia,  Australasia. 

In  cost 8  of  Cynone tra.  derrls  root. 

Bunrestidae 

Buorestl8  eurulentn  -  U.3.:  Goldon  bunreatld. 
British  Columbia,  Pacific  States. 

Timber. 

Buorcetle  faaclPtn 

Temperate  North  America. 

Timber. 

Buprcstls  jnponensls 
Japan. 

Lead  pining. 

Buprestis  loevlventrls 
N.  #.  United  States. 

Old  logs. 

Buprestis  ruf loea 
United  States. 

In  various  timbers. 

Chrysobothrls  octoc^la 
o.  W.  United  States. 

Posts. 

Chrysochroa  sp. 

India. 

In  plywood. 
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Chrysoohann  olacldc 
California. 

Coniferous  timber. 

Prospheres  aurantloplctus 
Qiinnnfl Vn nd,  New  Caledo ni  a . 

Emerges  from  logs  find  timber  of  hoopplne. 

Trachykele  sop. 

Western  United  States. 

In  coniferous  rood. 


C^landridae 

Calandra  linearis  -  German:  Taraarindenfruchtrussler. 

West  Indie s,  Brasil,  Florida. 

Tamarind  nods. 

Calandra  grans r in  -  U.S.:  granary  weevil;  Spanish:  gorgojo; 
German:'  fcbrnkn  f  e  r . 

Cosmopolitan . 

In  stored  grain,  ginger,  chufa,  corn,  rice,  acorns,  buck¬ 
wheat,  grain,  currants,  figs.  Crn  eat  out  through 

krnft  paper.  .  , 

Optimum  temperature  is  77°F  nnd  93/^  relative  humidify;  mof 
'  rapid  development  35  days;  no  maturing  of  larvae  below 
44 %  relative  humidity;  no  development  and  high  mortalit 
below  50°F;  Mininun  in  whert  9^1  2-3  generations  per 
year  in  grain  in  Germany  -  29  days  at  £1°F;  established 
north  to  Stockholm;  nay  survive  a  summer  without  food; 
killed  at  131°F  in  30  minutes;  adults  will  survive  up 
to  six  weeks  at  Jl0?. 
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alandra  oryzao  -  U.S.:  rice  weevil;  South  African;  maize 
weevil fUeman:  Reiskafer;  Australian:  common  grain 
weevil. 

Cosmopolitan. 

Stored  com,  sorghum,  rice,  macaroni;  also  in  fields; 
peanuts,  cassava,  dried  sweet  potatoes,  oats,  dried 
banana,  can  eat  through  Kraft  paper;  copra,  soybeans, 


peas,  tapioca. 

Relative  humidity  below  36*  and  above  56*  very  unfavorable 
to  the  insects  at  20°C;  egg  to  adult  under  favorable 
conditions  6-7  weeks;  female  bores  oviposltion  hole  wit 
beak;  killed  at  122°F  in  2  hours  and  at  l4ooF  in  45 
minutes;  killed  at  1}1°F  in  30  minutes.  Minimum  mois¬ 
ture  in  wheat  about  lOjC;  in  corn  is  killed  in 
absolutely  airtight  containers*  no  reproduction  below 
55°F;  Optimum  temperature  S4°F;  may  survive  a  summer 
without  food.  Not  establioh^d  In  Sweden. 


Calandra  snsakll 
Japan . 

Rice. 
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Ilyocalnndra  elongntn 
Jap  tn. 

Bamboo,  flour,  macaroni. 


Cnrabldno 


H^rpalus  rii floes 


rpaim _ 

Kola  rctlc. 
nuisance 


A 


but  not  doing  damage  -  seed  eater. 


Plochlonus  pollens 
Cosmopolitan. 

Nutmegs . 

Cernmbycldae 

Acanthoclnus  aedllls 

Northern  Europe ,  Siberia. 

Coniferous  wood. 

Aeolcsthes  holoserlcea 

Inhla  to  indo- China  and  linlrya. 

Dead  wood. 

Anbeodontls  trlstls 

New  Zealand  (native ) 

Damages  timber  in  buildings. 

Asenun  strlatlnun 
Pnloer.  retie. 

Coniferous  timber. 

3rothylus  consoersue 
Pacific  States. 

Partly  seasoned  ash. 

Callldlun  antennatun 

United  States,  British  Columbia. 

Sapwood  under  bark;  buildings  in  British  Columbia; 
ground  lead  cable. 

Callldlun  vlolaceun  -  Goman:  Vellchenbock. 

PaTaen rctlc. 

Sapwood  under  bark,  woodwork  of  coniferous  wood. 

Chi on  clnctus 

Eastern  United  States. 

Partly  seasoned  hickory  lumber. 

Chloroohorus  annularis 

Jnonn  and  India  to  New  Guinea, 

Dry  bamboo. 


?S7 


under- 


t 


( 


Crlocephaius  rustlcus 
Europe . 

In  coniferous  timber. 

Cyllene  caryae 
unite d  State s . 

Partly  seasoned  hickory. 

Dlhammus  elonsratus 
India,  Surma. 

Dead  and  felled  wood. 

Dlorthus  cine reus 

«est  Africa,  Siam,  Mauritius. 

Felled  trees. 

Eburla  quadrlgemlnata 
North  Ane rl ca . 

°akFlorida^ly  contlnuou8'  rare»  perforating  lead  pipe  in 


I«ber  -  German;  Hulmbock. 
Europe,  Worth  Africa,  Test  Asia. 
In  old  pine  floors. 


Srgates 


«tes  splculatus  -  U,S. : 
British  Columbia,  Teste 
Tood  of  Douglas  fir. 


spined  Dine  borer, 
m  United  States. 


Ora cilia  minute 
Holarctic. 

In  wicker,  willow. 


Hylot rupee  be  .lulus  -  U.S.: 
German:  Hausbo  ck . 
Holarctic. 


house  beetle,  porter  beetle; 


flood  boper,  prefers  coniferous 
lead  of  telephone  cables  In 
lead. 


sapwood,  not  in  oak,  attackf 
Spain;  has  penetrated  1/6" 


COn^lieda.b^heatl^.bulldlne8  t0  ab°ut  14o°F  for  a  few 
ture8’  de  elopraent  ^"5  years;  can  use  wood  at  7*#  moie- 


Leotldea  brevlponnls 

Central  and  Southern  Europe. 

Ticker  bottle  covers. 

kg.S*ura  rubra  -  German:  Rothalsbockl 
Palaearctic,  except  Great  Britain. 
Tlmbc  r. 

Lophopoeum  timbouvae 
Brasil.  “ 

In  tamarind  seeds. 
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Lie  gaderus  stigma 

Continental  Neotrooics, 

Perforates  lead  sheathing  of  aerial  cables,  more  wood. 

Morlum  oroteus 

Test e rn “North  America. 

Saowood  under  bark. 

Hesosa  lndlca 
India. 

Sapwood  of  logs,  dry  sticks. 

Uonochamus  confusor 
Europe . 

Lead". 

Nocydalls  lndlca 
India? 

Dry  wood. 

• 

NeoclytUB  caprea 
Nor tli  America. 

Probably  continuous  infestant  in  timber. 

Ncoclytua  crythrocenhalus 
North  Anc  ri  ca . 

Probably  continuous  infestant  in  timber. 

Neoclytus  rufus 

Trinidad,  Vcne zue la . 

Lora  rood. 

Oeme  costnta 
“HJ.  E.  United  States. 

Pine  rustic  work. 

Como  rlglda 

Eastern  United  States. 

Cypress  and  Juniper  rustic  work. 

Oeme  strangulate 

3.  E.  United  State s . 

Cedar  and  Junloer  rustic  v/ork. 

Orthosoma  brunneum 

Eastern  United  States. 

Timber. 

Parandra  brunnea  . 

Eastern  United  States. 

Chestnut  ooles. 

Pcrisgua  twetus . 

Assam  -  Java,  Indo-Chinn. 

Derrls  roots. 


I 


Ph.vnfltodcs  dlrildlntus 
UnltedTStntes. 

Coniferous  logs. 

Phymntodes  llvldum 

Southern  Europe,  North  Africa. 

Richer. 


Phymntodes  tcstaceus 
Kola retie. 

Oak  wood. 

Prlonus  call fornl cu s 

Western  North  America. 

Decaying  bridge  timbers,  balsam  fir. 

Pteroloohia  melnnura 
Hr lay a. 

Dcrrla  roots. 

Pyrrhldlum  sanguine um 
Europe. 

Lend. 

Smodlcum  cucullforme  -  U.S.:  flat  oowderoost  beetle. 

No rth  America. 

Continuous  lnfoetnnt  in  timber,  rare. 

Sohenostcthus  taslel 

Eastern  United  Stn te s . 

Dead  wood. 

Stronptlun  bwrbntun 
Polneoiropioa. 

Wood  of  various  kinds. 

Stromatlun  fulvuta 
Tropic opol it an . 

Furniture,  timber. 

Strorrt  lum  longlcorae 

Pal oe oi rooic s ,  oxcert  Australasia. 

Timber  in  buildings,  furniture.  Development  2-3  years. 

Tctroplun  gnbrlell 
3uror>c. 

Lead  lining  of  wooden  vats. 

Tetroplum. castaneum 

FaTaoKrctlc,  except  England. 

Spruce . 

Trachyde res  succlnctus 
Neotropical, 
idora  wood. 
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Trngosonp.  harrlsll 

Mountains  of  United  States. 
Dead  wood. 


Clsidae 

Cls  oygnaeus 
Europe . 

Ginger  (abnormal  habitat). 


Cleridae 


Coryne te s  caeruieus  —  German!  blaue  Fellies xer. 

Colmoool i t  an .  .  .  . 

Bones,  skins,  dried  fruits,  rlue,  bacon,  meat,  Insects. 

Necrobla  ruflcollls  -  German:  rothalslge  Kolbenkafer. 

Cosmopolitan.  , „ 

Salt  provisions,  lard,  suet,  cheese,  salt  xish,  attracted 

to  decaying  animal  natter,  especially  rancid  fat. 

Necrobla  rufloes  -  U.  S. :  copra  beetle,  red-legged  ham 

- beetle;  German:  rotfussige  Schlnkenkrifer,  blaue 

3chinkenkafer. 

Cosmopolitan.  ,  . 

Rice  bran,  meat,  currants,  cassava,  raisins,  bacon,  skins, 
cheese,  kernels  of  oil  palm,  fish,  figs,  dried  egg 
yolk  silkworm  cocoons,  raw  silk  waste,  attracted  to 
decaying  animal  matter,  especially  rancid  fat,  bone 
meal',  copra,  cacao,  eolces,  dried  fruit,  figs,  salt 
fish,  ham,  oats,  corn,  dried  nllk,  stoarine  candles 
dog  biscuit,  nutmegs.  Development  in  warn  weather  34- 
days. 


Necrobla  vlolncen 

Cosmopolitan.  • 

Attracted  to  decaying  animal  matter,  especially  rancid 
fat,  salt  provisions,  lard,  suet,  cheese. 


Cpetlornlpu8  s cute liar ls_ 

Central  and  South  Europe,  fast  Asia,  Africa. 
Detrltlvorous,  perhaps  not  a  household  Insect. 


Opllo  donestlcus 

Europe  and  North  America, 

Normally  a  predator  on  other  insects  but  the  larvae  may 
gnaw  wood. 


Tarsostenus  unlvlttatus 

Cosmopolitan.  .  ... 

This  may  be  only  a  predator  on  woou  borers,  detrltl 

vorous  in  various  goods. 


The.ncroclerus  buque  t 

IndinT^'China,  East  Indies. 

Rice  cacao,  ginger.  This  species  is  probably  predacious. 
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Colydildne 


Bothlrlderes  and re we si 
~ L’alaya,  East  Indies,  Burma. 

Derrls» 

KuiTTldlus  ovalls 

"'United  States,  Europe,  Japan,  East  Indies. 

Hare,  in  stores  of  rice,  hay,  etc.,  dried  armies,  Aleppo 
galls,  corn,  wheat. 

Ochollssa  hume rails 

'Vide spread  in  Old  World  Tronic s,  Pacific  Islands. 

Tha una nhrastus  ha rani sene is 
United  States,  Egypt 
Rice. 

Crypt ophagldae 

Atornarla  atrlcanllia 
Euronej  Siberia. 

Figs'. 

Crypt orhagus  acutangulus 
Holarctlc. 

In  houses  and.  cellars,  actually  a  feeder  on  mold  snores; 
in  grain,  tobacco,  hides,  furniture.  Development  30 
days. 

Cryntonharrus  afi’lnls 

Europe,  I-.adelrs,  North  Africa,  Australia. 

Granaries;  dried  fruit,  raisins. 

Cryptonhngus  cellnrl3 
Holarctlc  anrl  Peru. 

Her.pl  barley,  raisins,  nea-meal,  grain;  in  granaries, 
mills;  beehives,  bread,  dried  fruit,  rice. 

Cryntonharrus  croceus 
United  State s . 

Stored  apples. 

Crypt ophagus  dentatus 

Europe,  iJndoira,  Japan. 

Flour,  dried  fruit,  raisins. 

Crypt ophagus  dletlnguendu3 
Europe,  Worth  Africa. 

Granaries;  dried  fruit. 

Cryntophagus  fowlerl 
Europe. 

Grrln  products. 
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Cryptoohagus  lnscltus 
United  Sta to s . 
Raisins. 


Cryptophagus  pallldus 
Europe . 

Barley. 

Cryptophagus  pllosus 
Europe,  Japan. 

Firs;  corks  in  wine  cellars. 

Crypt ophogus  saglnotus 

Europe 7  No rtn  Amor lea ,  North  Africa. 

Hops,  raisins. 

Crypt oohagus  acanlcus 
Europe. 

Crain,  dried  fruit,  figs,  dried  pears,  raisins. 


Cryptophagu 
Europe , 
Raisins. 


s  valiaus 


Lnonophloeus  ferruginous  -  U.S.;  Rust- red  grain  beetle. 
Cosraopolit on . 

Grain,  raisins,  oil  seeds,  cr.ssavn,  dried  fruits,  bean 
cake 8,  cacao,  chillies. 


Lnemoohloeus  janetl 

England,  Belgian  Congo,  Madagascar,  India. 

Grain,  rice,  cottonseed,  flour,  coconuts,  cacao, 
dusk  only,  will  bite  nan,  larvae  coprophagous , 


carnivorous. 


Fly  at 
adult  8 
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Lncmophlooug  mlnutus  -  U.  S.i  flat  grain  beetle. 

Cosnopolit an . 

Stored  grain  '••na  flour,  attacks  the  germ  especially,  not 
a.  primary  oest  of  uninjured  grain,  rice,  nutmegs, 
filberts. 

Development  5-9  weelcs. 

Locmophloeus  modcstus 
United  St a t e s . 

Hcmpseed. 

Laemophloeus  pus  Ulus 

Japan,  Samoa,  tlalnya,  Europe,  United  States,  Burma. 

Grain  beetle,  coora. 

L^emophloeus  turclcus 
Cosmopolitan. 

Copra,  prain,  cacao,  solces,  dried  fruits,  nutmegs, 
chillies. 

Lacmotmetus  rhlzophagoides 

derraany,  Africa,  Ceylon  and  Formosa  to  New  Guinea. 

In  stored  rice. 

Curculionidne 

Aplon  crotalariae 
”  Brasil. 

Crotalavia  seed. 

Ceulophllus  latinaaus  -  U.S. :  broafl-nosed  grain  weevil; 
(Jempn:  breltruseelige  Kornkafer. 

Western  Hemisphere  and  Europe. 

Breeds  in  fields  and  in  stored  grain,  cannot  attack  whole, 
hard,  rioc  grain;  acorns,  avocado  seed,  sweet  potatoes, 
corn,  dnshecn  roots,  ginger.  Egg  to  ndult  about  1 
month  in  summer. 

Chalcodermus  nnpculicollis 
Srasll. 

Beans,  probably  not  normal  in  stored  leguminous  seeds. 

Cossonus  parallelopipedus  -  German;  Rindenrussler. 

Europe . 

Wood  In  damp  situations. 

Cossonus  suturalls 

Tropical  and  south  Africa,  Madagascar,  Seychelles. 

Stored  sweet  potatoes. 

Cylas  fornlcnrlus  -  U.S..;  sweet  potato  weevil;  Cuba; 

tetuan  del  boniato;  Puerto  Rico;  gorgojo  de  la  batata. 
Widespread. 

3tored  sweet  potatoes. 
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Dryotrlbus  mlnetlcns 
S.  3.  United  State s . 

Along  the  coast  In  old  boards. 

E remotes  oorcatne 
Eurooe. 

In  soruce,  beans,  floor  boards, 

Gononotus  angullcollls 
Cuba,  Florida. 

Old  boards,  etc.,  on  sea  coast. 

Hexarthrum  ulkel 

N.  E.  United  States. 

Damages  buildings. 

fselactus  spadix 

Europe,  North  Africa,  Eastern  United  States,  Australia, 
Hew  Zealand. 

Wood  borer,  floor  boards. 

Rhyncolus  cullnarls 
Europe . 

Infests  periodically  dannened  wood,  especially  floor 
boards. 

3t>ermologua  rufus 
Brasil. 

Cacao. 

Stenoscells  brevis 

Eastem“Unlted  States. 

In  rotten  wood,  a  secondary  lnfestnnt. 

Xe no enema  eplnioes 
New  Zealand. 

Lives  In  kauri  timber. 

Deme8tldae  -  German:  Soeokkafer, 

Aethrlostoma  glorloaae 
Java,  Jama 1 ca,  India . 

Horse  hair, 

Aethrlostoma  undulata 

"Madagascar,  Mauritius,  India,  Dutch  East  Indies. 

Coconut  Press  cake,  wheat, 

Anthrenocerus  australis 
England,  Australia, 

Hides,  fish  meal,  flannel,  dried  milk. 

Anthrenus  cnucaslcus 

Transcancasla,  Austria . 

Dried  insects. 


Anthrenus  f asclntus  -  Geman:  Polsterroobelkafer 
Europe,  EastTndles,  Middle  East. 

Horn,  brushes,  wool,  leather,  skins,  hair,  dried  neat 
and  less  readily  cotton,  silk,  artificial  silk  ’ 
sponges,  dried  cheese,  stored  clothing.  Optimum 
temperature  about  95°F;  eggs  do  not  hatch  at  104°F 
high  mortality  below  6g°F.  ’ 


Anthrenus  fuscus 

Europe,  North  America. 

Not  economic  In  Germany;  much  prefers  insects  to  wool* 
rare;  life  cycle  as  in  A.  museorum. 

Anthrenus  museorum  -  German:  Museumskafer. 

New  Zealand,  Holnrctic. 

In  museum  collections,  much  prefers  insects  to  wool. 
Attacks  books,  skins,  Development  7-14  months 
hibernates  as  larvae.  Not  common  In  Germany, 

Anthrenus  nebulosus 

S.  Brasil,  3.  fiurooe. 

Bone,  horn,  dead  insects. 


Anthrenus  plraolnellao 

Gambia,  Java ,  Japan,  Australia,  Palnenrctlc. 

In  Germany,  occasional  in  dwellings,  prefers  wool;  drl«d 
rish,  horse  hair,  plush.  Life  cycle  about  a  y ear 
mostly  hibernating  as. admits.  ' 

Anthrenus  scrophularlac  ~  U.  S. :  common  carpet  beetle* 
German: Kabinottkdfer,  Tenolchkafcr. 

Co8nooolltan. 

The  chief  pest  of  woolens  and  furs  in  Germany,  apparently 
more  often  associated  with  carnets  in  North  America* 
also  In  flour;  adults  commonly  found  outdoors  on 
various  flowers.  Life  cycle  apparently  annual,  the 
insects  overwintering  as  pupae  or  young  adults  in  the 
north  temperate  jone. 

Anthrenus  ye rbascl  -  U.S.ivarled  carpet  beetle;  Geman: 
won  jerau  tblu  te  nka  f  c  r . 

Cosmopolitan. 

In  Germany  mostly  in  dwellings  and  warehouses,  sllrfitly 
prefers  dead  insects  to  wool.  Back  says  this  may  be  a 
seed-eater;  rice,  all  materials  of  animal  origin  silk 
corn,  grain,  seeds,  flour.  Dormant  below  39°F.  *Life 
cycle  U  to  12.  npnths,  hlbernntes  only  In  inr^l  stege 

Anthrenus  yotbx  -  U.S.:  furniture  enroet  beetle. 

EastemHJHTted  States,  India,  Sudan/ 

f(?at*erB»  horn»  slllc>  vegetable  fibres  staine 
upho  1  s t e ry^ *  drled  cheeee»  glue  in  bookbindings, 
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Attagenus  alflerll 

Drug  shop. 

Attagenus  byturolaes 

Tashkent. 

Flour,  bran,  wheat,  corn,  rice,  leather,  dead  Insects. 
Survives  down  to  4o°F. 

Attagenus  .laoonicus 

- - 

Dried  Insects,  wool,  occasionally  silk.  One  generation 
per  year. 

Attagenus  oeillo  -  German:  gefleckte  Pelzkafer. 

Holarctlc. 

Furs,  woollens,  grain,  textiles,  dead  insects, .  flour, 
groats,  casein,  dried  egg  yolk,  smoked  meat,  smoked 
fish,  may  attack. bolting  silk  of  four  mills. 

At tagcnus  oiceus  -  U.3.  .*  black  carnet  beetle;  German! 
schwarze  Pelzkafer. 

Holarctlc,  Cosraonoll tan. 

Attacks  raw  silk,  wool,  seeds,  grain  and  their  products, 
hair,  fur,  feathers,  horn,  dried  meat,  casein,  dried 
milk,  silk-worm  cocoons, . rice;  may  perforate  cartons 
and  other  containers;  leather,  cayenne  oepoer,  beans, 
oeas,  paper,  books,  silk. 

One-third*  to  two  generations  oer  year.  Dormant  below 
50°F;  optimum  temperature  75-790* 

Attagenus  ole be jus 

Hawaii. 

Wool.  .  . 

Permeates  cadny^rlnus  -  U.S.:  Incinerator  beetle;  German: 
Aasspeckkafer. 

Cosmopolitan. 

Dried  fish,  cheese,  copra,  hog  bristles,  dried  mushrooms, 
dried  Insects,  silk,  leather,  wool,  cacao,  ginger. 

Perne8tes  carnivorous  -  German:  anerlkanische  Soeckknfer. 

Cosmopolitan. 

Meat,  cacao,  hides. 

Derme stes  coarc tat us 

Japan ,  Manchuria. 

Dried  Insects,  bean  cakes. 

Permeates  frlschl  -  German:  Frlschs  Soeckkafer. 

Wide spr cad. 

Dried  meat,  silkworm  cocoons,  sponges,  hides,  smoked  meat, 
dried  cheese,  dried  fish,  wool,  dog  biscuits,  cowries. 

Development  31-32  days  at  2S-30°C,  up  to  6  generations 
per  year. 
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Permeates  lardarlus  -  U.S.:  larder  beetle;  German:  gemeine 
Soeckkaf&r. 

Cosmopolitan. 

Dried  crabs,  skins,  Deanuts,  chocolate  with  muffed  rice, 
salt  pork,  sponges,  can  penetrate  0.2  mm  lead  In  4  hrs. 
and  tin  In  36  hours,  but  not  Al,  Zn,  brass;  prefers 
ham,  bacon,  cheese,  meat;  lard  and  fat  avoided;  dried 
fish,  beeswax,  leather,  grain. oroducts,  nuts,  dog 
biscuits,  cacao,  nutmegs,  dried  pears,  tobacco;  will 
bore  Into  spruce  for  puoation. 

Development  32-5^  days;  optimum  temoorature  64°-6{$°F. 

Dermestes  murlnus  -  German:  raausgraue  SoeckkMfer. 

Palaearctlc. 

Skins,  furs. 

De rnestes  oblongus 

Europe ,  Chile. 

Hides,  raw  silk  waste,  sisal. 

Permeate b  neruvlanus  -  German:  oeruvianlsche  Snockkafer! 

South  America,  Central  America,  . South  Africa,  Eurone . 

In  snruce,  cacao,  neat,  can  penetrate  0.2  mm  lead  In 
four  hpurs  and  tin  in  36  hrs.,  but  not  Al,  Zn,  brass. 

Dermestes  pn. 

Noodles. 

Dermestes  undulatus 

Tashkent,  Mediterranean  region. 

Silkworm  cocoons. 

Dermestes  vorox 

Jaoan. 

Animal  matter.  Devplooraent  about  90  days. 

Dermestes  vulolnus  -  U.S.:  hide  beetle;  German:  Dornsoeckkaft 
3outh  African :  skin  beetle. 

Cosmopolitan. 

Raw  hides,  bones,  offal,  cacao,  meat,  cheese,  bristles,  gli 
smoked  neat  dried  fish,  cowries,  tobacco;  nrefers  hlder 
and  skins;  bores  Into  soft  wood  for  pupation. 

Development  5  *scks  to  S  months;  un  to  6  generations  ner 
year.  Development  42-46  days  at  S2^-S6°F.  Hides  t>ro~ 
tocted  by  storage  at  4o°F  or  lower. 

Entomotrogus  nogntonolde  s 

liexlco,  Europe. 

Dead  Insects. 

Eucnocerus  anthrenoldc  s 

Hawaii,  Hexico,  Panama. 

Seeds,  corn. 


Meratonfl  varla 
Jaoan. 

Dried  Insects. 


Orohlnus  aethlops 
Java. 

Tobacco  seed,  also 


cloth. binding  of  portfolios. 


Thvlodrlas  contractus  -  U.S.:  tissue  oncer  beetle. 

Injure a'pnoer,  silk,  chicken  feathers,  fish  neal 
Development  very  slow. 


Trinode s  hlrtus  . 
Japan. 

Animal  natter, 
larva. 


One  generation  oer  year,  overwinters  ns 


Trogoderna  gronnrlum  -  Indian: 


hours 


Trogoderna  lnclusun  . 

itn a  ted  State  s .  turope  .  _  -Ap 

Grain;  onnlvoi-ous.  Lethal  tennornturc  119  F. 

Tropodcrma  ornntum  -  U.  S.j.  large  cabinet  beetle. 
fe9°F. 

Trogoderna  ste male 

Si-.  -  ~~ 

seed,  sillc,  cayenne  pepper,  peanuts. 

States,  western  Eurone . 

°0tt90tSro|dcereai sfred  nep^ r ."cast Orleans , .  %eanu?%?e s s 
LerSalfhave  survived  1SS4  days  without  food. 


Trogode rna. tricolor 
i  am  an  ,  “Holland. 
Peanuts. 


Troroderma  versicolor  - 
Co  smoool it  an . 

Flour,  bran,  wheat, 
sun- flower  seeds, 
dried  nilk  plants 


U.S.i  varied  cabinet  beetle. 

corn,  rice,  leather,  dead  insects, 
rusks,  wool,  silkwom  cocoons;  in 
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Host  r.ctivc  r.t  77°-S6°F  minimum  for  develooraont  53°?, 
killed  a t  13J0F  ln  nlnutos>  ^  ' 

Endomychldae 

Ifyceteca  hlrtn 
Coamomolitnn. 

On  moldy  materials/  corks  in  vine  cellars;  grain. 
Languriidac 

Pharaxonotha  klrachl  -  U.S.:  Mexican  grain  beetle. 

North  A ne ri c° ,  central  America,  Eurooo. 

Stored  grain  end  milled  cereal  products,  corn  edible 
tubers.  ' 

Ln thriaildae 

Adlstemla  rlleyi 
Peru' 

Neonl  barley. 

Adlaterala  watsonl 

Hurooe,  “He del re,  Canaries,  Africa,  North  America  South 
Araericn.  ’ 

On  several  moldy  subatnnco8. 

Cartoderc  nyun 

Eurooo ,  North  Africa,  North  America. 

In  ground  co reala,  drugs. 

Cartoderc  beionl 

Surooc,  float  Indies . 

Tobacco. 

Cartoderc  costulata 

Eurone,  Japan,  North  America. 

In  flour,  macaroni,  drupe,  etc. 

Cart ode rc  elogans 

’  -uroocj  North  Africa,  North  Anehicn. 

Housoe. 

Cartoderc  elongate 

Eurone,  North  Africa. 

Housoe. 

Cartoderc  flllformls 

Europe,  Russia,  Janan,  North  America. 

On  moldy  materials.  Develoonent  51  daya. 

Cartoderc  f Hum 

‘  “ETir one,  “North  Africa,  North  America,  South  America. 

In  "'heat,  corn,  rye.  Develoonent  36  days  at  7R°F 
5^-  days  at  65°F.  ' 
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Cert ode re  ruflcollls 

Europe ,  Worth  Africa,  Madeira,  Canaries,  North  Anerlca, 
Central  America. 

In  flour  and  mold’'’  materials. 

Conlnomus  blfasclatus 
Australia. 

Tobacco. 

Conlnomus  constrlctus 
Cosmopolitan. 

In  cellars  and  warehouses. 

Conlnomus  nodlfer 
Cosmopolitan. 

Houses,  warehouses,  probably  a  mold  eater. 

Conlnomus  subfasclntus 
Peru,  Chile. 

Nepal  barley. 

Cortlcaria  clllata 
Surope,  fladeTra. 

Houses. 

Cortlcaria  crenlcoills 
Europe ,  Hade Ira. 

Houses. 

Cortlcaria  crenulata 
Europe*  Asia. 

Houses. 

Cortlcaria  elongnta 
Cosmopolitan. 

In  warehouses,  In  refuse,  etc. 

Cortlcaria  fenestralle 

Europe ,  Asia,  liorth  Anerlca. 

In  flour,  etc. 

Cortlcaria  fulva 
Cosraoool 1 tan , 

In  cellars  and  warehouses;  a  mold  eater;  development  4o 
days  65°F. 

Cortlcaria  lmorcssa 
Europe . 

Houses . 

Cortlcaria  lonaicollls 
Europe ,  Asia. 

Houses. 
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Cortlcarla  oubescens 
TTdFsnread. 

Houses  and  granaries,  tobacco. 

Cortlcarla  serrata 
Cosmopolitan. 

Houses. 


Cortlcarla  sub tlllsslna 
Australia. 

Tobacco. 

Enicmus  hlstrlo 
Britain. 

In  wheat. 

Enicmus  mlnutus 
Cosmopolitan, 

Houses,  cellars,  granaries;  nold  feeder  found  on  many 
materials.  Development  24-30  days. 

Enl'cmus  orotenslcollls 

Western  North  America.,  Aleutians. 

Stored  raisins. 

Enicmus  suspect us 

Western  tJorth  America. 

Stored  raisins. 

^uchloncllus  nlbofa sclfttus 

Jnmrn,  Java,  Seychelles,  Oe nanny. 

Houses,  In  drugs,  etc. 

Sufpllla  unlcostatn 
Puerto  ttico. 

On  walls  of  roon3  tainted  with  casein  wnah  oa.int ;  numeroup 
only  in  damp  weather;  actually  a  fungus  feeder. 

Eufnlloidoa  holme 8 1 
Peru. 

Nepal  barley. 

Holqoe.re.raecns  conlarun 
Cosmopolitan. 

In  various  substances,  Including  stored  rice. 

Holqpnrr.necus  denrossus 
Cosmopolitan . 

In  various  substances,  Including  chocolate  bars,  flour, 
rice. 

Holotr  ra.mccus .  slnpaalarls 

Europe ,  Africa,  Canaries,  India,  North  America,  South 
America . 

Stored  rice. 
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Le thrldlus  borgrothl 
Surooe ,  Greenland . 
Houses,  warehouses, 
stances. 


especially  on  demo  and  moldy  sub- 


Lr thrldlus  In rdnrlus 

Europe,  North  Anerlcn. 
Moldy  materials. 

L^-thrldlus  nodlfor 

Go  rmn  ny ,  Cent  ml  America. 
Moldy  vegetable  matter. 

Lr thrldlus  rurlcollls 
Turooe . 

Houses. 

Ilelanophthalmn  amoricsna 
NorthAme r  1  ce ,  2omosn . 
Flour  mills. 


Me la  nophths lms  plots 
North  Anerlcp. 

On  fresh  apples. 

.  .etoohthalmus  hisplaus 

- CEIT^ 

Tobacco. 

Kotoohtholmus  serrlpcnnls 

New  Zealand,  Greet  Britain  ( Introduced) . 

Strew  envelooee  of  wine  bottles . 

Mlgnenurla  orlentells 

Indie,  Chine,  J°>pnn,  South  America. 

Rice . 

Lyctldee  -  U.S.:  oowderpost  beetle;  Semen:  Srlintkafer; 
Dutch  East  Indie*:  drooghoutboeboek. 


Lyctoxylon  convlctor 
Indie . 

Timber. 


Lyctoxylon  jeponum 

Asia,  Surooe,  United  States , 
Timber,  benboo. 


Japan,  Indo-Meleye. 

a  9 


Lyctns  pfrlce.nus 

Hr d e frp scar,  Sfrlcn,  India,  Philippines. 

Cassava,  timber,  ginger,  derrls,  tent  pins. 

Lyctus  brunneue  -  U.S.:  Old  World  oowderpost  beetle; 
Brasil:  cnruncho  da  modern. 

Cosmopolitan. 

Attacking  copper  plates;  Eucalyptus  sallgna,  cassava, 
lead ,  plywood. 


Lyctus  canal iculatus 
Europe. 

Lead  nine. 

Lyctus  cerbonarius 
Mexico,  Florida. 

Timber. 

Lyctus  carlbeanus 

Central  Amerfca,  West  Indies. 

Bamboo. 

Lyctus  cflvlcollis  -  U.S.:  western  oowderpost  beetle. 
Western  United  States,  England  ( imported). 

Timber. 

Lyctus  linearis  -  U.S.:  European  oowderpost  beetle; 

German;  Parkettkfe'fer. 

Cosmopolitan. 

Oak,  ash,  willow. 

Lyctus  malayanua 

India,  Ceylon,  Sumatra. 

Timber. 

Lyctus  opaculus 
United  States. 

Timber. 

Lyctus  planlcollls  -  U.S.;  southern  oowderpost  beetle.  v 
United  State s7~South  Africa,  northern  Europe  (imported). 
Timber. 

Lyctus  pubescens 
Europe . 

Timber. 

Lyctus  sinensis 

“E.  Asia,  Jbt> an,  England  (imported). 

Oak. 

Lyctus  spp . 

United  States. 

Lead  lining  of  water  tanks. 

Lyctus  spp. 

New  Zealand. 

Timber. 

Lyctus  tomentosus 

Jamaica,  Central  America. 

Furniture . 
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Lvctus  vlllqaue 
""lTiw  a  i  1 ,  Mexico. 

Wood  of  Leucaena  esculents. 

Minthea  ob£lta  _  . 

- Madagascar,  Trooical  Africa. 

Cassava. 

Minthea  ruprlcoll.il 

Troolcopolltan.  „oaenVn  rattan,  snpwood  of  at  least 

in  srss: 

Development  about  70  days. 

Minthea  Sfluemigero 

- Trinidad ,  soutK  America. 

Mora  wood. 

SO^^SaSSf^ntr.!  America,  West  Amo.  Fhllimnes. 
Bamboo. 

Trogoxylon  auricula  tja 
Burnaj  India. 

Timber,  tent  pins. 


“r°SedUerranenn  region,  Germany. 
Timber. 


Timber. 

Trocroxylon  solnlfrons 

- India,  Ceylon. 

Timber,  tent  pegs. 

mcxylonidne 

Lvmcxylon  navalje 
Northern  Eurooe . 

Wood  borer. 

Atiractocerus  brevicomls. 
Central  Africa . 

Woo*  borer. 

Atractocerus  brasiliengis, 
TrTntdadT 
Mora  wood. 
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Melandryldae 


Serropnlpus  bnrbatus 
United  States. 

Lumber. 

Micromnlthidae 

Mlcroraalthus  debills 

No rth  Amo rice,  Sou th  Africa,  Hawaii. 

Acacia,  nine,  Eucalyptus .  wet  or  rotted. 

Uonotoraidae 

Monotonia  qundrlfoveolntn 
Europe . 

Waste  grain. 

Mycetoohngldae 

Lltergus  baltentus 

New  World,  ftawali,  Ne»  South  Wales. 

Corn. 

Mycctoohegus  blpustulwtug 
Eastern  North  Amo rl ca . 

Waste  grain  *nd  flour. 

L  Mycetophagus  qundrlguttatus 

Europe  and  Caucasus."' 

Grain,  especially  moldy. 

Typhoea  stercorea  -  U.S.:  hairy  fungus  beetle. 

Cosmopolitan.- 

Waste  grain  -  probably  a  secondary  Invader,  a  mold  feeder; 
raisins,  soods,  tobacco,  peanuts,  cocao,  soybeans. 

Hylabrldae 

Mylabrls  adomptus 
Japan.” 

Seeds  of  kudtu. 

My lab rl 8  analls  -  German:  Gramerbsenknfer. 

Cyprus , , South  Africa,  Burma,  East  Indies,  Europe. 

Cowper.s,  linn  beans,  chick  peas.  Development  1  month  or 
more . 

Mylabrls  blxae 

Holland,  South  America, 

Seeds  of  BIxp  orellana  (nnnato). 

Mylabrls  brachial Is 
(  Widespread. 

Seeds  of  vetch. 


Mylabrl a  chlnen6ls  —  U.S. :  cowoea  weevil;  German:  Kundekafer. 
Cosmopolitan. 

Seeds  of  Ca Janus.  Field  infestation  but  can  continue  on 
drv  seeds.  dried  beans.  Vigna  so.  Development  J-S  weeks’ 
killed  at  120°-l45°,  at  l220F  in  5  minutes.  Optimum 
temperature  S6°F,  optimum  humidity  r.h. 

Mylabrl s  dentines 

Germany,  Near  East,  Russia,  Central  Asia,  Afghanistan. 
Seeds,  lima  beans. 

Mylabrl 8  dollchosl 

Afghanistan,  East  Indies. 

Dollchos  blflorus. 

Mylabrl s  emargl na tu s 

Bra 8 11,  Mediterranean  region,  India. 

Peas. 

Mylabrl 8  ervl 

Mediterranean  region,  Germany. 

Lentils. 

Mylabrl s  ferruglneloennls 

Chile. 

Cassia  seeds. 

Mylabrl 8  rlaber 
China,  Italy. 

Chickpeas. 

Mylabrl 8  halodendrl 

Russia,  Afghanistan,  Siberia, 

Glycyrrh* -n  e  chlnata. 

Mylabrl 8  Imoressi thorax 

Gold Coast,  South  Africa . 

Stored  peas,  Erythrlna  seeds. 

Uylabrls  lncarnatus  -  Oerman:  agyptlsche  Erbsenkafer. 

Southern  Eurooe,  North  Africa. 

Seeds,  horsebeans,  peas,  lentils,  chickpeas. 

Uylabrls  lentls  -  German:  Llnsenkafer. 

Russia,  Mediterranean  region,  North  America. 

Lentils. 

Uylabrls  macula tus  -  U.S. :  t  southern  cowpea  weevil;  German: 
vlerflecklge  Bohnenkafer. 

Widespread. 

Attacks  seeds  of  Vlgna  and  rarely  other  legumes;  at 

emergence  will  perforate  paper  but  not  cloth.  Genera¬ 
tion'  20  days  -  S  months,  upper  temperature  limit 
above  112°F. 
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My In br Is  obtcctus  -  U.S,:  common  bean  weevil;  Argentine: 
bruquido  del  ooroto;  Italian.'  tonchio  del  fagolo; 
German:  Spolsebohnonksfer, 

Cosmopolitan. 

Found  in  cowpens,  lima  beans,  and  common  bepns,  at 
emergence  will  perforate  naoer  but  not  cloth. 

In  Italy  4-6  generations  a  year  in  common  beans,  Hiberna¬ 
tion  in  larval  stage.  Generation  25  days -6  months,  nee> 
relative  humidity  of  26^  for  reproduction,  reproduction 
at  62£°-93°F  and  relative  humidity  up  to  93#;  optimum 
temperature  about  S6°F.  Largely  killed  in  7  hours  at 
5°F. 

Mylabrls  ornatus 

Europe,  Worth  and  Tropical  Africa. 

Beans,  peas. 

Mylabrls  phase oil 

Burma,  Prance,  Italy,  Brasil,  India. 

Various  legumes  in  store. 

Mylabrls  olsorura  -  U.S. :  oea  weevil;  German:  Erbsenkafer. 

Cosmopolitan. 

Peas,  field  peas.  Docs  not  continue  to  breed  in  stored 
pens. 

Mylabrls  orosoois 

S.  W.  United  States,  Central  America. 

Stored  mesquite  beans. 

Mylnbrl s  prulnlnus 

Mexico,  United  States. 

Soybeans,  Acacia  seeds. 

Mylabrls  pygnaeus 

Italy. 

Seed  of  sooln  clover. 

Mylabrls  quodrlnaculatus  -  U. S.:  fouivsrotted  benn  weevil 

Widespread. 

Stored  peas;  life  cycle  about  25  days;  in  Japan  5 
generations  per  year, 

Mylabrls  rhodeslanus 

India,  fthodesia. 

Crjanus  lndlcus  seeds, 

Mylabrls  ruf 1 nanus  -  U.S.:  brond-bern  weevil;  German: 

~Tf  e  rdeBoKnen  k  ft  f  e  r . 

Widespread, 

Vetch  seeds,  dried  pulse.  A  one  generation  pest. 

Oviposits  on  pods,  killed  at  I310F  in  20  minutes,  or 
in  beans  in  20  minutes  at  15S°F. 
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Mylobrls  ruflpes 

Europe]  North  Africa. 

Cowpeas. 

Mylabrls  slgnatloornlg 
Mediterranean  region. 

Lentils,  Vida  monanthua. 

Mylabrls  theobromae 

Formosa,  East  Indies. 

Seeds. 

Mylabrls  trabuti 
French  Sudan. 

Seeds  of  Vlgna  sinensis. 

Mylabrla  trlstls 

Central  and  South  Europe. 

Lentils,  chickpeas. 

Mylabrl s  ullcls 

Asia  Minor,  Afghanistan,  Southern  Europe. 

Vetch  seeds. 

Pa chyme  ru s  acaclae 

Asia,  North  and  West  Africa,  Southern  Europe. 

Peanuts,  tamarinds.  Life  cycle  2-3  months  at  about  90°P 

Pachymerus  casslae 
West  Africa. 

Stored  peanut6. 

Pachymerus  fuscus 

West  Africa,  Mauritius,  West  Indies. 

Tamarind,  Cassia  sp.,  Colutea  sp. 

Pa  chyme  rus  gonager 

India,  Java,  Japan,  Frapce,  Hawaii, 

Seeds  and  pods  of  tamarind  and  of  Cassia  fistula,  seeds 
of  Acacia  fnrncslana.  Development  ^0  ^ays,  minimum 
temperature  abouF”76°F. 

Pachymerus  nucleorum 
South  America, 

Stored  kernels  of  llcurl  nuts. 

Pachymerus  oallldus  -  German:  Sennnsamenkafer, 

Southern  Europe ,  Sudan,  Egypt,  Asia. 

In  commercial  leguminous  seeds,  dried  senna. 

Phelonems  llneola 
Erasll,  France. 

Cassia  grandls. 
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Phelonerus  ochropygus 
Panama? 

Cassia  grandls. 

Ps eudooa chyme rus  bra  slUensls 

Brasil,  Central  America,  France ,  Rusal  a. 

Mucnna  urens  aeod. 

Pseudot  ..ichyraerua  grammlcus 
Brasil. 

Cynbasoma  seed. 

Pseudopachymerus  lallemantl 
Mediterranean  region. 

Acacia  pods. 

Soormophagus  oectoralla-.Genna.nl  Soelsebohnenknfer. 

United  State s ,  Ce nt ro.l  America. 

Beane,  continuous  pest. 

Spcrraophagus  subfasclfltus  -  U.  3.:  Brasilian  bean  beetle; 
German:  Soelsebohnenknfer,  Brasllbohnenkflfer. 

Serious  all  over  South  America,  Germany,  Africa,  Cuba. 
Beans,  various  leguminous  seeds,  peas,  Voandegla  sub- 
tcrranea.  Vigna  sinenalo.  Ca.lanus  lndlous.  Dollchos 
lablnb,  dhlckoeas,  soybeans.  D.  scsauloedalls. 

Optimum  temperature  S1°F,  75, »  relative  humidity,  limits 
66s- 95  F,  development  30-33  days  at  g2*°F. 

Spernoohagus  thomasl 
Chile. 

Seeds  of  Gourllca  chllensls. 

Nltldulldae 

Carpoohllus  nterrlmus 

New  Zealand,  Aua trail n . 

Dried  fruit, 

Carpoohllus  bloustulntus 
fcrasil,  Europe,  Africa. 

Com. 

Carpophilus  declolena 

S.  h.  United  States,  Germany. 

Drugs,  dried  fruit,  cacao,  wheat,  peanuts. 

Cnroophllua  dlmidlatus  -  U.S.:  corn  sap  beetle;  German: 
Saftkftfer. 

Cosmopolitan.  •> 

Peanuts,  cacao,  rice,  copra,  corn,  grain,  flour,  dates, 
drugs,  dried  banana,  shelled  nuts,  nutmegs,  ginger; 
attracted  by  molds;  widespread  in  foodstuffs. 


Caroophllus  flavloua 
Austria. 

Para  nuts. 

Caroophllus  flavines 

India,  lialaya,  Celebes. 

Coora.  .  . 

Caroophllus  heraloterus  -  U.S.:  dried  fruit  beetle;  German: 
ge  me  1 ne  Saftknfer . 

Cosmopolitan. 

Attacks  watermelons,  apples,  grapefruits,  prunes,  flars, 
peaches,  apricots,  oranges,  dried  fruit,  corn,  wheat, 
rice,  copra,  beans,  nuts,  bread.  Attracted  primarily 
to  fermenting  fruit. 

Development  requires  from  20  days  to  several  months. 
Carnonhllus  humeral Is 

TroplcaT  Africa,  Madagascar,  Seychelles,  East  Indies. 
Grain. 

Caroophllus  lime  us 

Central  America,  England,  Germany,  North  America. 

Piled  olums,  dried  apples,  cacao,  wheat,  peanuts. 

Caroophllus  mutllatus 
UeotroplcaT. 

Drugs. 

Carpoohllus  nltens 
United  States. 

Rice. 

Cemonhllus  obsoletus 

Formosa/  East  Asia,  Indo-Ha.lnya ,  East  Indies,  Madagascar, 
East  Africa. 

Grain,  rice,  wheat,  peanuts,  corn,  sesame. 

Caroophllus  pallloennls 

California,  laexlco,  Europe ,  North  Africa. 

Grain. 

Carpoohllus  unlmn culotus 
Holland. 

Peanuts. 

Haotoncus  luteolus 

tropical  and  subtropical  regions. 

Dried  fruit.  .  . 

liellgethes  neneus  -  U.S.,:  rape  beetle;  German:  Raosglanz- 
kafer. 

Palaearctlc.' 

Soybeans,  normally  on  growing  rape  and  swedes. 

Hltldula  blounctnta  -  German:  zwolgetuofte  Glanzkafer. 
TTolarctic. 

Bacon,  sausages,  bones. 
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Stelldota  geralnata 

United  States,  Brasil. 

Rice. 

Uroohorus  humeral Is 

Africa,  South  Asia,  Europe,  Southern  United  States. 

Stored  corn. 

Oedemerldae 

Colopus  serraticornls 
Palaearctlc. 

In  damp  woodwork  of  houses. 

Copldlta  bicolor 

Western  North  America. 

Wet  wood. 

Dltylus  laevls 
Europe . 

In  wood  of  bridges  and  dykes. 

Dltylus  quadrlcollle 

Western  North  America. 

Wot  wood. 

Nncorda  melanura  -  U.S. :  Dutch  wharf  beetle. 

N.  E.  Unite^TStatcs,  Europe,  Ta mania,  New  Zealand, 

Cnnnfln,  South  Africa. 

In  oak  and  nine,  Eucalyptus :  normally  only  In  very  damn 
wood . 

Ostometldae 

Tarano chile  caerule a 

Southern  Europe,”  Asia,  North  Africa, 

Granaries. 

Tenebroldes  corticalls 
North  America, 

Stored  grain. 

Tenebroldes  maurltanlcus  -  German:  Getreldenager. 
Cosmopolitan. 

Larvae  burrow  Into  woodwork  of  bins,  will  perforate  paper 
and  cardboard,  cut  silk  of  bolters;  In  grain,  flour, 
cottonseed  meal,  cassava,  copra,  rice,  cumin  seeds, 
com,  dried  fruit,  nuts,  Insects,  currants,  raisins, 
nutmegs,  cacao. 

Development  7°  days  or  longer.  Optimum  temperature  S2fc°F; 
larvae  and  adults  will  stand  freezing  temperatures  for 
some  days. 

Tenebroldes  nanus 

S,  £.  United  States . 

Stored  grain. 
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Tenebroldcs  oblongus 
Central  America. 
Cacao. 


Looho cate res  pualllus  -  U.S.:  Siamese  grain  beetle. 

Scored  grain  and  grain  products,  rice,  frulJ’ .  sfa^?' 
macaroni,  sweet  potatoes,  butter  beans,  dried  angles, 

solces. 


Platypodldae 


Crofl3Qtarsus  grevllleae 

Queensland ,  ^  _ 

Attacks  felled  timber,  only  Important 
generation  t>er  year. 


In  forest. 


Platypus  nlternana 

Trinidad,  Mexico,  Venezuela, 
Bores  In  mora  wood. 


British  Guiana. 


One 


Platyous  le nidus 

Malaya^ Celebes,  Moluccas, 
Attacks  Jelutong  wood. 


Philippines,  Java. 


Platypus  nulsantl 
British  Guiana, 
Timber. 


Guadeloupe . 


Platypus  omnlvorus  -  Australian:  sho thole  borer. 
Australia,  Tasman la. 

Several  tlnbers. 


Platypus  ratzeburgl 

Trinidad,  Columbia,  Gula 
Bore 8  In  wood  of  morn. 


nas. 


Brasil. 


Platypus  suf fodlens 
Malaya. 

Attacks  Jelulong  wood. 


Platystonldae  .  . 

Araeccrus  fnaclculntuo  -  U.S.  Official:  coffee  bean  beetle; 

—  Oeman:  Knf^ecSohnenkafer;  Ent!llBh:  mace  weevil 
Cosmopolitan. 

Cacao,  coffee  beans,  corn,  mung  beans,  cottonseed, 
seed,  soybeans,  egg  plant,  Brasil  nuts,  rubber 
cake,  etc.,  mace,  nutmeg,  tropical  fruits  In  commerce 
cassava,  yeast,  ginger,  dried  fruit,  yams,  sweet  po¬ 
tatoes,  cassia,  strychnine .  Development  56  days, 
requires  6o-*o£  relative  humidity; 
tropics  about  7$  days;  killed  In  3  days 


knnok 

seed 


development  in 
at  122°F. 
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Brnchy tarsus  altcrnntus 
Eastern  North  America. 

Stored  corn,  cowpeas,  peas. 

Brnchy tarsus  stlctlcus 
Eastern  North  America . 

Wheat,  velvet  beans. 

Ptinidne 

Eurostua  hlllerl 

Japan,  Great  Britain,  Canada. 

Granaries,  warehouses. 

Glbblum  boleldieui 

Europe,  Persia,  Malaya, 

Houses,  bread,  cheese,  raolds,  pastry,  cork,  dead  Insects, 
ffut. 

^^blug  -  U.S.:  hump  beetle;  German:  Kugelkafer 

Buckelkafor, 

Cosmopolitan, 

Houses,  hotels,  warehouses,  mills,  granaries,  bakeries 
latrines;  cayenne  pepper,  stored  seeds,  wheat  bran,* 
stale  bread,  decaying  animal  and  vegetable  matter 
cereals,  opium  cakes,  paste,  hay,  rubber  bath  mat* 
woolens,  towels,  leather,  tallow,  flour;  in  woodwork} 
paprika,  grain,  cottonscoc,  feedcakc,  chamomile,  poppy 
so  ed, 

We slum  affine 

Europe,  Worth  Africa. 

Houses,  warehouses,  granaries;  seeds,  various  kinds  of 
decaying  animal  and  vegetable  refuse;  dead  insects* 
in  woodwork;  flour.  ' 

Me  alum  araerlcan’in 

Cosmopolitan. 

Dwellings,  warehouses,  mills;  dried  animal  products, 
tobacco  seed,  cayenne  pepper,  opium,  grain,  mouse 
dung,  hair, 

Nlptus  hololeucud  —  U, S.i'  golden  spider  beetle;  German! 
Messlngkrtfer. 

Holarctlc, 

Houses,  bakeries,  flour  mills,  warehouse,  granaries 
factories:  dead  Insects,  mouse  and  rat  dung,  feathers 
brushes,  leather,  wool,  bath  sponges,  cotton,  linen 
greasy  clothing,  silk,  stored  books  and  papers,  bran 
grain  and  other  stored  seeds,  bread,  crcpo,  casein  * 
drugs,  yarn,  cocoa  powder,  artificial  silk;  adults* 
especially  harmful  to  fabrics.  Two  generations  a  year 

Ptlnus  blolnctus 

Europe ,  North  Africa,  North  America. 

Flour;  barns,  granaries,  warehouses,  houses. 
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Ptlnus  exulans 

Australia,  Tasmania,  Europe,  Asia. 

Warehouse a; . stored  products, 

Ptlnus  fur  -  U.S. :  white-narked  snider  beetle;  German: 
gemelne  Dlebknfer,  Krnuterdieb. 

Cosmopolitan. 

Cereals,  dried  Insects,  feathers,  skins,  dried  plants, 
seeds  of  henbane,  etc.;  houses,  granaries,  warehouses, 
museums;  In  ginger,  cacao,  oanrika,  bread;  partitions 
and  ceilings  of  naoered  canvos;  sacks  containing  grain 
and  cottonseed;  flour,  meal,  dates,  fur,  leather,  wool, 
vegetables  and  roots,  castor  beans,  seeds  of  cabbage, 
thyme,  hawthorn,  lupine;  pastry;  barley. 

Development  months. 

Ptlnus  gandolphei 
United  States . 

Raisins. 

Ptlnus  hlrtellus 
Cosmopolitan. 

Scavenger;  rat  dung,  damaging  books,  feathers,  skins, 
dried  mushrooms,  drugs,  roots,  cacao,  dried  fruit; 
warehouses,  granaries. 


Ptlnus  .laponlcus 

Japan,  China,  Sikkim,  Eastern  Siberia. 

Flour  of  Amorphophallus  konlac.  T.lfo  cycle  3$  months  or 
more. 

Ptlnus  latro 

Nearly  cosmopolitan. 

Houses,  warehouses,  granaries;  stored  grain,  bran,  tobacco 
ooed;  probably  cacao. 

Ptlnus  nuslllus 
Europe. 

Granaries  and  houses. 

Ptlnus  raptor  -  U.S.:  eastern  solder  beetle;  German: 
RaubeivBohrkafer, 

Europe,  Eastern  Siberia,  Eastern  North  America. 

Cereals  In  warehouses, 

Ptlnus  ruflpes 
feu rone. 

Barns;  said  to  be  a  oeBt  of  stored  products. 

Ptlnus  eexounctatus 

Great  ferltaln,  fernnee,  Corsica, 

Houses,  damaging  a  lead  roof. 
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Ptlnus  subpllogus 
Europe. 

House  pest  (rare). 

Ptlnus  tectus 
Cosmopolitan . 

Fish  meal,  cereals,  cacao,  dried  insects;  eating  holes  in 
carpets;  also  bores  into  wood  of  grain  elevators; 
stored  hops,  dried  Hyoscyamus  and  Datura,  nutmegs, 
almonds,  ginger,  firs,  raisins,  dried  nears,  dried 
apricots,  cayenne  pepper,  casein,  chocolate  powder, 
dried  soup,  corn,  rye,  paprika;  houses,  granaries, 
warehouses,  mills,  factorleo;  will  perforate  wood, 
cellophane  and  bolting  cloth  when  ready  to  pupate; 
ship  biscuits,  prepared  fish  food,  malt,  meal,  dried 
yeast,  dried  galls,  sago  flour,  soybean  meal. 

Develooment  62  days  at  relative  humidity  and  73-77OF 
and  I30  days  at  relative  humidity  and  59°F.  Mini¬ 
mum  temperature  50°F,  maximum  g 2-S6°F;  optimum  about 
75°F.  At  6$°-S0®F,  50 %  relative  humidity  is  needed; 
this  means  about  10 %  moisture  in  cereals;  life  cycle 
10-25  weeks. 

Ptlnus  vllllger  -  U.S. ;  hairy  snider  beetle. 

Canada,  Europe,  Asia, 

Cereals,  flour,  farlne,  cornneal,  wheat,  houses,  ware¬ 
houses,  granaries. 

Development  3^-4  months.  Adults  hibernate,  Larvae 
ready  to  pupate  cut  their  way  out  of  sacks  and  may 
bore  into  wood.  Larvae  killed  at  -20°F. 

Snhae  rl cue  glbboldes 

"Southern  Europe,  North  Africa,  California. 

Herbaria;  red  pepper. 

Tjpnus  unlcolor 

Europe,  Transcaucasia,  Canada. 

Houses,  bakeries,  flour  mills,  warehouses,  stables; 
moist  skins,  groin,  old  wood,  birds  nests. 

Trlgonogenlus  giobulun 

Cosmopolitan . 

Houses,  warehouses,  granaries-;  mills;  argol,  vegetable 
ivory,  caraway  seeds,  dried  pears,  Nepal  barley, 
probably  a  true  grain  pest;  raisins. 

Scolytldae 

Coccotrypes  dactyllperda 

Widespread 

Attacks  buttons  made  of  vegetable  ivory,  date  pits, 
betel  nut 8,  buttons  of  doum  nut,  several  palm  seeds. 
Life  cycle  3^~70  days. 
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Co c co trypes  moreirai 


rasil. 

Buttons  made  of  palm  kernel e* 
Cryohalomoron  le  stlcrllul 


adapascar. 

Roots  of  Ipomoca  turpethum. 

Dryoecotee  hlrtus 
"Solomon  Islands. 

Timber  (probably). 

Hylocurus  langstonl 
5.  ITT  United  Stat e s . 

Partly  seasoned  posts  and  poles. 

Hypo the nemus  wrecae 

dormany  (imported),  East  Indies,  West  Africa,  New 
Caledonia. 

Betel  nuts. 

Hypo the nemus  orudltus 

~  Halaya,  West  Africa,  Hawaii,  Now  Caledonia,  North  America 
Dorris. 

Hypo the nemus  rltchel 
Jamaica. 

Dried  sweet  potatoes. 

Hypo the nemus  sp. 

Brasil,  England  (imported). 

Tamarind  seeds,  butter  beans. 

Mlcrasls  hlrtellus  -  U.S. :  California  hardwood  bark  beetle. 
California, 

Lead  cables. 

Neodryocoe tea  sp. 

Surinam. 

Sawaric  nuts. 

Paglooerus  frontalis 

Corn,  seeds  of  Persea  and  Anona. 


PnRlocerus  zeae  -  German:  kolumblanische  UaiBkHfer. 
Colombia,  West  Indies. 

Corn. 


Pltvoph thorns  peregrlnus 
Brasil. 

Tamarind  seeds. 


Poeclllna  nuclferus 
Sum  inn. 

Snwnrie  nuts. 

Stephanoderbs  buscki 
Trinidad. 

Nutmegs  -  does  not  survive  oernanently. 

Xyleborus  nfflnls 

North  and  3 out h  America,  Africa. 

Timber. 


Xyleborus  badlus 

British  fiuiona,  Madagascar,  Jan an,  Cuba 
Dry  wood.  '  * 


Tahiti. 


Xyleborus  cognatus 
~India,'  flalnyn ,'"~ln do- China. 

Several  timbers,  a  coastal  soecies. 


Xyleborus  oonfusus 
"South  America,  "East  Africa, 
Id.,  Seychelles. 

Timber. 


Madagascar,  Hawaii,  Keeling 


Meicrae Jorelcatue  -  English:  shothoU  borer  of  ten. 
India  and  Malaya  to  Java,  New  Guinea, 

A  few  timbers  or  logs. 


Xyleborus  fuscatua 

North  and  South  America. 
Timber. 


Xyleborus  Inter .leotua 

J.ndla  to  J«PAn,  South  to  Java  and  Batoe  Is 
Numerous  timbers. 

Xyleborus  lntersetosus 

Brltlsh~Culann,  Guatemala. 

Timber. 

Xyleborus  kraatzl 

Tropicopbiltnn. 

Furniture. 

Xyleborus  latlcoilia 
India,  Ceylon. 

Several  timbers,  orofers  sun  stored  logs. 

Xyleborus  obraeus 
Brit  lshUu  1  a  na . 

Timber. 


Xyleborus  aeralgranosus 

Franc©  ( import edT^ Widespread  in  tropics,  Samoa. 
Timber,  small  poles. 

Xyleborus  tegalensis 

Assam,  Surma ,  <?ava ,  Sumatra. 

Timbers. 

Xyleborus  tornuatus 

Madagascar,  Mauritius,  Tahiti. 

Timber. 

Xyloterus  llneatus  -  French:  hostryche  liserfe. 
Holarctlc. 

In  spruce. 

Silphldae 

Slloha  lapoonlca 
No  rtliern' "Europe . 

Dried  fish  In  houses. 

Sulpha  rugosa 

RortheriTUurone . 

Dried  fish  in  houses. 


Sllvnnidae 


Ahaflverus  ad  vena  -  English:  foreign  grain  beetle. 
Cosmopolitan 7 

Peach  kernels,  cacao,  cassava,  copra,  oil  pain  kernels, 
dried  banana,  flour,  meal,  rice,  figs,  beans,  apples,, 
ginger,  nutmegs,  algaroba  pods,  yams,  nine  nuts. 
Optimum  temperature  Killed  In  1  hr.  at  125fc°F. 


Cathartu8  casslae 

Central  America  to  Brasil,  Europe. 
Corn,  cacao.  .  . 


Cnthartus  auadricollls  -  "J.3.:  square-necked  grain  beetle. 
Cosmopolitan. . 

Stored  com  and  in  corn  fields;  tobacco,  fruits  of  Cassia 
f lstulfc,  rice.  Development  about  3  weeks.  Killed  in 
10  minutes  at  117°E. 


Cnthartus  exclsus 
Oe  rraany . 
Tobacco. 


Mo  nanus,  conclnnulus 
Cosmopolitan . 

In  tobacco. 


319 


Naualblus  clavlcornl s 
Cosmopolitan. 

In  store  houses;  rice,  sugar. 

Oryzaephllus  blcorn.lg 
Cosmopolitan. 

Wheat,  dried  figs. 

Oryzaephllus  gossypll  . 

CoiraopoITtanT  ( ttiis  and  the  preceding  may  not  be 
different  from  0.  surlnamensla « ) 

Cottonseed,  peanuts.  .  . 

Oryzaephllus  suriname nsis  -  U.S.:  saw-toothed  grain  beetle; 
German;  Getreideschnahlkafer,  Getreideplattkflfer. 
Cosmopolitan. 

Peach  kernels,  rice,  cereals,  dried  fruits,  nuts,  macaron 
dates,  conf ectionero  sugar,  drugs,  dried  meats,  peanut 
cacao,  barley,  flour,  raisins,  copra,  nutmegs,  oil 
palm  kernels,  oil  seeds,  dried  lltchi  nuts,  cottonseed 
dried  grapes,  ginger,  dried  banana,  dried  pears,  mace, 
almonds,  chillies,  candy. 

Development  about  52  days  at  aboyt  78°F;  optimum  moisture 
18#  killed  nt  122°F  in  2  hours  and  at  l4o°F  in  45 
minutes;  at  10-15°F  in  3  days.  In  Malaya  breeding 
is  slower  at  50-oOjf  relative  humidity  than  at  J0% 
where  macaroni  was  protected  by  storage  at  60#  rcla- 
(  tive  humidity.  Does  not  develop  nt  59°F.  Killed  at 

20-25°F  in  7  days  and  at  0°-5°  in  one  day. 

Pedlncua  depressus 

Europe ,  North  Ann ri cn . 

Stores, 

Sllvanus  trlvlalls 
British  Guiana. 

Timber. 

Staohylinidae 

A  theta  corlnrla 
Cosmopolitan. 

Ginger,  perhnp9  predactouB. 

Theta  trlnototn 
Europe . 

Wheat. 

Ollgota  granaria 
Europe . 

On  Japanese  cotton  goods,  actual  damage  not  recorded; 
cellars. 

( 
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Phi Ion thus  gordldus 
Europe. 

Ginger,  perhaps  nredaclous. 

Xylodroraus  oonclnnus 

"ST-heat,  corn  Beal,  grain;  warehouses. 

Tenebrionldae 

?!  q  •  i pflflpr  meal  ^ornij  06 mBn« 
f  foKwafierP" Ge  t  re  lie  s  oh  lane  lka  f  e  r. 

Rlce°°f  lour" " dry  bread.  *» insect., 

cottonseedf'chocolntef '  peanuts,  tobkcco.  Dcveionnent 

one  year  nore  or  leas. 

Alnhltohlu^lae  aa£^  do  pa  scar,  Malaya. 

Rice  bran,  cassava,  derrls,  copra. 

Alnhltoblue  ovatus  -  dc™an:  etuisof schwarsen  Octreldeechi™e  - 

kifer. 

Eurooe .  ,  ■  <  oaqc  r  coora.  Develotv* 

Heal,  dried  brood  degd  lnaocta,  paper,  coor.. 

ment  45  days  at  30.C. 

■ ,  a  n  g  .  grain  Bold  beetle,  black  fungus 
Alnhltoblue  plcgufl  -  u*3« «  «rain  “ 

beetle • 

^Sealfbnkirlee  and  etor?e;  soybeans,  tobacco. 


e  bifaoclatus  -  U.9. :  t.o-banded  fungus  beetle. 


Cosmopolitan.  ,  ffr.«n  oroducts,  moist  corn- 

Fecder  on  molds,  in  grain,  gram  , 

Beal, 

Anhanotus  parallelyis 
*”  ife stem  United  Spates. 

Cereals,  nuts,  $rvgs. 

Aoeena  rufloea  -.U.S.;  fig  engraver  beetle. 

^JaTifornia. 

Figs,  raisins. 

Blaos  lethlfera. 

Holnrctlc. 

Stored  grain. 

Blaps  raortlaapa 
Europe , Asia, 

Bakeries. 


Blags  mucronata  -  English:  churchyai'd  beetle.  . 

£u rope,  Eastern  North  America. 

Stored  grain,  kitchens,  bakeries,  warehouses. 

Blapstlnus . dilatatus 
united  States. 

Raisins. 

Balpstinua  ruflpes  -  U.S.:  fig  darkling  beetle, 
united  States. 

Raisins. 

Cnameplatia  sericea 
California . 

Raisins. 

Cynneus  angustus 

Eastern  and  Western  United  States. 

Stored  grain  and  milled  nroducts. 

Qnnthocerus  cornutus  -  U.S.:  broad-horned  flour  beetle. 
Cosmopolitan. 

Prefers  floyr  and  meal  but. is  found  in  grain,  raisins, 
rice,  cacao,  ginger.  Development  about  8  weeks  to 
7  months.  Optimum  79°?* 

Qnnthocerus  maxlllosus  -  U. S. :  slender-horned  flour  beetle, 
tropicopoiitnn  nnd  Holnrctic. 

Qrnin,  but  prefers  animal  substanoes  such  as  dead  insects 
com,  nutmegs,  pumpkin  seed,  tamarind  seed. 

Two  generations  per  year.  Optimum  temperature  about  JO°F 

Qonoconhalun  hof fnn nnseggl 
butch  East  Tndieo. 

Com,  rice. 

Hogctcr  anoroldcs 

England  ( Imported) ,  Madeira,  Cannrics. 

Bananas. 

Helops  lanlpcs 
Europe. 

Fruit. 

Homala  poljta 
Senegal. 

Peanuts. 

Hypophloeus  florlcola 
Jenan. 

Qrnin, 
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Lflff thetloua  orvzae  -  U.S.:  long-headed  flour  beetle. 

Grain,  rice,  cassava,  nacaronl.  Development  25-40  days. 

Martianus  derraestoides 
Slam,- VTtl  Islands. 

Puffed  rice,  dried  durian. 


Mesomorphus  vllllger 
Old  world  tropics. 
In  houses,  feed  on 


dead  or  decaying  vegetable  matter. 


Palorus  denressus 

United  States,  Europe,  Dahpmey. 
Grain  products,  meal,  old  bread, 
stores,  mills,  bftk^rles. 


oil  oalm  kernels; 


In 


Palorus  ratzeburgl  -  U.S.:  small-eyed  flour  beetle. 
Cosmopolitan. 

Ground  products  and  sone tines  In  grain,  rice. 

Palorus  aubdeoreaaua  -  German:  Klelnauglge  Rclsmehlkafer. 

Cosmopolitan. .  „  ,  .  ,  .  . 

Copra  (usually  moldy),  grain,  flour,  chicken  feed, 

*  cacao,  peanuts. 


Plraela  angulosa 
Scnc gal,  Egypt . 
Peanuts. 

Plraela  senegalensle 
Senogal,  liorocco. 
Peanuts. 


Platydena  ruflcorne 
UnlteS  States. 

Com,  shorts. 

atrnncrviiun  ervthrocephalun 
Indio,  'RiUlpplnos. 
bry  wbod. 

^ltEuronc7  South6 Xfrl"ca7  Texas,  Central  America,  South 
Ane  rl  ca . 

Nutmegs,  stored  c^rpals. 

Tenebrlo  raolltor  -  U.S.:  yellow  meal  worm;  German:  gemelne 

- HehttiferV 

Cosmopolitan .  .  •  , 

Will  po  through  paper  and  Into  wood;  cottonseed  meal, 
grains,  cereals”  meat  scrap,  feathers,  tobacco. 

Optimum  77-&0^°,  Development  2SO-63O  days,  one  genera¬ 
tion  per  year.  Killed  at  10°F  In  24  hours  and  at 
I250F. 
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Toro ^10^0)^1^18  -  U.S.i  dusky  meal  worm;  German:  dunkle 
Cosnopolitan.* 

"LrlSUS'8,Ub8vtanocs*  lncl>  dried  a"6et  ootsto, 
f°^tf>n.fleed  rocal,  bean  cakes,  rice.  Generation  in 
about  1  year.  Killed  at  125°F  and  at  10°F  in  24  hrs, 

Tenebrio  picioes 

jJapan,  Europe ,  Northern  Asia,  North  America. 

Stored  cereals.  * 

Tenebrio  syrlacus 

Mediterranean  region. 

Flour. 

^cSolflnr125  "  U,S>!  r’Jat-ra4  beetle. 

Kloe,  poAnuta,  oaopo,  coffee,  cnesava,  ringer  sawerle 

bv  !!?’^<<*aPed  oereals  1"  Miysla  orotected 

by  storage  at  60*  relative  humidity,  oonra  oil  seeds 

corn,  puSse  powder, .  bleculte,  branf ’museS’ specimens  ’ 
lacf ’ lentils ^beane”*^* *  ChlUle8'  flg8>  drled 

K11af l^l^ffn'Sn?  day™  "*  l4°°F  ln  45  nlnutea- 

Trlbollum  con fu sun  -  U.3. :  confused  flour  beetle*  German* 

„  amerflcnnlsche  RelsmchlkKfer.  '  n* 

Cosmopolitan. 

°0tb™iaa2  °effeo<  0"»«nya,  chufa,  ralelne,  rice, 

Smln,  bran,  peanuta,  beans,  oea?,  ginger 
paprika,  cacao,  cashew  nuts.  Development  28  days’ or 
longer;  rosolration  affected  by  COp  bone  of  ^  i«LP 
between  26i°  and  102°F.  Beproduco!  between  g§°’ 

e"o5d.  10f  °P>  humid- 

24^hours/  *  KllleA  at  10“15°F  in  1  day,  at  210F  *n 

fnl8e  black  "-beetle;  Germs 

Holarctlc,  Argentina. 

Lantana  seed,  corn, .  seed.3. 

Sffins  "  U.S. : '  black  flour  beetle. 

United  States,  N.  &  W. ;  Europb,  Egypt. 

Flour  and  stored  grain,  beads.  . 

~~?Eu rope i n* r 1 8  “  German;  Kuchenkafer. 

Meat  and  grain  ln  houses  ln  rural  areas. 

Ulorca  foyelcollls 
Tropical  Africa. 

Copra. 
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Zoohosls  eilneata 
Senega  IT" 

Peanut. 

Thorictidae 

Thorlctodos  hey deni 

Prance,  North  Africa,  England,  Dutch  East  Indies. 

Millet,  rice,  kapok  seed. 

Dlptera 

Borborldae  -  various  species. 

Decomposing  organic  matter. 

Call lph ora  augur 
Australia . 

Meat,  sour  milk,  rotting  grain. 

Calllohora  crythroceohala  -  uis.:  blue  bottle  fly:  German: 

3  chine  1  s  s  f  1  lege  •  Br\imne  r . 

Cosmopolitan. 

Fresh  and  cooked  meat. 

Calllphora  stygla 
Australia. 

Meat,  sour  milk,  rotting  grain. 

Call lpho  ra  vomltorla  -  U.3. :  blue  bottle  fly;  German: 
Sphraeissf liege . 

Cosmopolitan. 

Meat. 

Drosophila  busckl  -  German:  Essigflloge 

In  milk  depots;  decaying  vegetable  and  animal  substances. 

Drosophila  fasclata  -  Gorman:  klolne  Essigf liege. 

Europe. 

Drosophila  fenestra rum 
Europe,  North  Africa. 

Domestic. 

Drosophila  funcbrls  -  German:  grosse  Esslgfliege 
widespread. 

Marmalade,  preserved  fruits,  fruit  juices,  catsup,  nlckles, 
rotting  potatoes,  milk,  wine,  beer,  vinegar. 

Drosophila  lnmlgrana 
Cosmopolitan. 

Warehouses. 
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Drosophila  melanogaster 
Cosmopolitan. 

Houses,  grocery  stores;  bred  from  various  fruits  and  vege¬ 
tables. 

Drosophila  obgcura 
ffurope * 

Warehouses. 


Drosophila  ropleta 
Widespread. 

In  milk  deppts. 

Drosophila  spp. 

United  States. 

Overripe  fruit. 

Fannia  canicularls  -  German:  kleine  Stubenf liege 
Europe,  Worth  Ane ri cn . 

Cheese. 

Fannia  puslo 
Samoa . 

Dead  fish. 

Fannia  scalarls  -  German:  Lntrinenf liege 
Europe . 

Prepared  nuatard  In  Germany,  neat, 

Fannia  sp. 

United  States. 

Overripe  fruit. 

Hellcobla  australis 
~  Australia,  Samoa. 

Decaying  meat. 

• 

Hydrotaea  dentlpea 
Europe. 

Meat. 

Lentocera  ceenosa 
Germany. 

In  milk  depots. 

Leptocera  Bp, 

Germany. 

Prepared  mustard  in  Germany. 

Llmoslna  heteroneura 

Europe ,  Africa,  Formosa. 

Fermenting  ginger, 

Luc111r  -  U<S,:  greenbottle  fly;  German:  Goldf liege 

widespread. 

Meat. 


Lucllla  serl cat  a  -  U.S. :  ercenbottle  fly. 
United  States,  Europe, 

Meat. 


Meoneura  obscurella 
"  “Europe ,  Egypt-. 
Raisins,  snuff. 


Mu  sea  domestlca  -  U. S, : 
Cosmosooiltan. 

On  food. 


House  fly;  German?  Hausfliege 


Mu sea  nebulo 
Indio. 

The  Important  bazaar  fly  and  swarms  on  all  foodstuffs. 

Musca  sorben s 
India)  5am oa. 

House  and  bazaar  fly  on  human  food. 

Musca  yetustlaalma  -  Australian:  camp  fly,  bush  fly. 
India,  Australia. 

On  food  In  houses  pnd  markets  in  Australia. 

Muse*  yerburyl 

India,  especially  South  India. 

The  bazaar  fly  of  South  India. 

Muoclnn  pabulorum 
Europe . 

Meat. 


Musclna  s tabula ns  -  U.S. : 
Stallfllege . 

United  States,  Europe. 
Rotten. fruit,  meat. 


false  stable  fly;  Oerrann: 


My  da eg  sp. 

Germany. 

Prepared  mustard  in  Germany. 

Phorrala  cae  rule a 
Europe. 

Meat. 


Phormla  rej 
United  I 
Meat. 


Inn  -  U.S.:  binck  blow  fly;  German:  Glanzfllege 

r  a  t  o  a  T?. .  M -  O 


states,  Europe. 


£*  s  5  1  “  U. S.:  hnm  or  cheese  skipper;  German: 
Kasefllege;  Australian:  bacon  fly. 
widespread. 


Hnm,  salt  pork,  dried  beef,  cured  fish,  green  hides 
bones,  cheese;  avoids  fnt  parts;  oleomargarine; 
pest  in  meat  factories. 
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Skipping  of  larvae  Is  characteristic;  very  resistant  to 
insecticides  and  withstand  -g°  to  131 °F;  killed  at 
12b9°  in  1  hour;  optimum  relative  humidity  6oj£;  repro¬ 
duces  between  56  and  102°;  can  be  kept  out  by  30-mesh 
screen, 

Sarcophaga  alblceps 
“  Widespread  In  tEe  Old  World, 

Meat . 

Sarcophaga  anna ndalel 
India, Ceylon. 

Dead  animals. 

Sarcophaga  aurlfrons 
Australia. 

Meat. 

3arcophaga  beta 
Australia. 

Bad  meat. 

Sarcophaga  bulla ta 

Eastern  United  States. 

Meat, 

Sarcophaga  callclfera 

India,  Ceylon,  Philippines,  Forraosp. 

Meat. 

Sarcophaga  on  maria 
Europe. 

Meat. 

Sarcophaga  cl rrhura 
Samoa. 

Meat. 

Sarcophaga  coolpyl 
North  Ane rlca . 

Meat. 

Sarcophaga  decree sa 
’Australia,  lasmanla. 

Bod  meat. 

Sarcophaga  dux 

*  Widespread  in  the  Old  Worlds 
Meat. 

Sarcophaga  eta 
Australia , 

Fish  and  bad  meat. 
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Sarcoohaga  falcula ta 

United  States,  Hawaii,  Europe. 

Decaying  meat. 

Sarcoohaga  froggattl 

Au s 1 ra  1 in,  Sam on , "  Tonga. 

Bad  meat. 

3arcoohaga  fusclcanda 

Tropics  from  India  and  Japan  to  Hawaii. 

Heat. 

Sarcoohaga  haeraorrhoidalis  -  Gorman:  graue  Fie ischf liege 
Europe,  North  America. 

Meat*. 

Sarcoohaga  impar 

Southern  Onited  States. 

Decaying  fish,  meat  refuse. 

Sarcoohaga  imoatlens 

Australia,  Tasman in,  N.  Hebrides. 

Bad  meat. 

Sarcoohpga  kappa 
Australia . 

Bad  meat. 

Sarcoohaga  knnhj 

India,  Philippines,  Australia,  Malaya,  Java,  China. 
Dead  animals. 

Sarcoohaga  kohl a 
Australia. 

Bad  meat. 

3arcophaga  mlscra 
Australia. 

Bad  meat. 

Sarcoohaga  nemorrl is 
Europe. 

Meat. 

3arcooha ga  oricntaloldes 

India,  "Ceylon,  indo-Chins . 

Meat . 

Sarcoohaga  peltata 

Samoa,  Florida,  Puerto  Rico,  Central  America. 

Meat . 

Sarcoohaga  peregrins 
Australia, 

Meat. 
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Sarcoohaga  robusta 

Southern  United  States,  N.  Antilles. 

Meat . 

Sercoohaga  ruf lcornls 

Formosa,  India,  FKlllpplnes,  Malaya,  N.  E.  Africa. 

Meat. 

Sarcophaga  spp.  -  U.S.:  gray  flesh  flies. 

United  States. 

Cheese,  oleomargarine,  pickled  herring,  decaying  vege¬ 
tables,  liraburger  cheese. 

Sarcophaga  texana 
Texas. 

Meat. 

Sarcophagi  tryonl 
Australia. 

Bad  meat. 

Sarcophagi  tuberosa 
United  States. 

Meat,  fish,  living  insects. 

Scatopse  fuscines 
Widespread. 

Fermenting  ginger. 

Scatopsldae  -  various  species. 

Decaying  matter. 

Sclara  annulatn 
Europe. 

Fermenting  ginger,  raisins. 

Syrphld  larvae 

Oermany.  .  .  _ 

In  stored  hemp,  apparently  due  to  abnormal  weather  before 

threshing. 

Tephrochlanais  canesoens 
Europe. 

Meat  • 

Hymenoptera 

Er lades  nigrlcornls 
Europe . 

In  timber. 

Llthurgus  albof lmbrlatus  - 
Hawaii. 

Timber. 
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Slrex  areolatus 
California. 
Redwood  lumber. 


Slrex  glgas 

— i mu  — 1  1 

Perforated  lead  linings  of  sulphuric  acid  tanks  for 
emergence  in  France;  timber;  tin  roofs,  1/2  steel 
oiatee,  cartridges. 


Slrex  Ju venous 
Europe . 

Bullets.  1  generation  In  3  years. 


A  one  generation  oest 


Slrex  noctlllo 

Northern  Europe . 

Emerges  from  coniferous  wood. 

Stlgmus  fulvlcornls 
Mississippi. 

Floor  boards. 

Xylocooa  aenelpennls 
Hawaii. 

Timber. 


Xvlocooa  aestuans  . .  „  , 

*  Northern  and  central  Africa  to  the  Sunda  Is. 

Wood. 

Xvlocooa  aurlpennls 
India  to  China. 

Wood.  •  • 

Xylocooa  cnllfornlca  -  U.3.:  California  oaroenter  bee 
Western  North  America . 

Timber. 

Xvlocooa  dlsslmllls 

*  IHdlS  and  ChlwTto  East  Indies  and  Philippines. 
Wood. 

Xylocooa  lrldlnennl8 

India  to  East  Indies. 

Wood. 

Xvlocooa  Ip tine a 

India,  Slam  to  Ambolna. 

Lead  cable  covers,  wood  borer. 

Xylocopa  orplfex 

Western  United  States. 

Timber. 
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Xylocopa  sp. 

Slam. 

Boring  Into  lead  of  aerial  cables. 

Xylocopa  sp. 

Eastern  United  States. 

Louisville,  Ky.  attacking  oak  and  cypress. 

Xylocopa  tenulscaoa 

Southern  Asia  and  the  Philippines. 

Wood. 

Xylocopa  varlpuncta 

Weete rn  United  Sta t e 3 . 

Timber. 

Xylocopa  ver?.lcall3 
Ind  1  a,  ~Ea s t  Triple s . 

Wood. 

Xylocopa  vlolacea 

*  Europe  and  North  Africa  to  central  Asia. 

In  timber. 

Xylocopa  vlrglnlca  -  U. S. :  Carpenter  bee. 

’M.  E.  United  States. 

Drills  large  holes  In  various  woods,  scarce. 

Forralcldae 

Atclnl  -  the  tribe  of  leaf-cutting  ants. 

British  Gulnna :  acoushl,  coushl  ants;  Venezuela: 
huachnca;  Peru:  coqul;  Mexican,  Panama:  hortnlga 
arrlera;  Cuba:  blbljagua;  Trinidad,  etc.:  parasol 
ants;  Dutch:  pa rasolmleren. 

Atta  moellerl  me inert!  var.  globocnlls 
British  Guiana. 

Foodstuffs. 

Atta  sexdens  -  Brasilian:  Bauba;  French  Guianan:  fourml- 
manloc. 

Central  America  and  porthern  South  America. 

Will  take  farina  and  other  vegetable  matter,  at  least 
from  refuse  piles. 

Camponotus  caryae  var.  rasllls 
southern" Uni ted  States. 

Houses,  Jam,  sugar,  syrup. 

Camponotus  comprcssus  -  Indian:  common  black  ant. 

South  InSia. 

Aphids,  etc.;  house  ant. 


Camponotufl  consobrlnus  -  Australian:  black  sugar  ant 
Australia,  Tasmania. 

Houses. 

Camponotus  hereuieanus  -  U.3.:  carpenter  ant;  German 
Roasaraelsp, 

Holarctlc. 

Wood,  houses. 

Cgmponotus  herculeanus  var.  modoo  -  U.  S. :  Modoc  carpenter 

An  u  • 

Tv^\8h  .CoJUInbl®  South  Dakota,  southward  to  New  Mexico, 
runnels  Into  wood. 


Camponotus  irrltans 

New  Guinea  to  Guam  and  Samoa,  Malaya. 

In  Malaya  attends  cocclds,  but  is  a  pest  In  bungalows 
especially  bathrooms*  * 


Camponotus  langl ‘ 

Belgian  Congo. 

Nested  among  plied  boxes  on  a  verandah,  forage^  for  sweets, 

Camoonotua  levlgatua  -  U.S.:  .giant  oamenter  ant. 

British  Columbia  to  Montana  and  southward  to  Mexico 
usually  about  6000  feet.  1 

Tunnels  Into  wood,  starting  at  softened  spots. 


Camponotus  naculntus  -  Congo:  raaola;  South  African:  sugar  ant, 
JropI^poTltajan’d  south  Europe,  western  North  America. 
Nests  variously  but  usually  associated  with  wood  or 

termite  nests.  Forages  at  night  In  camps;  var.  vlclnue 
damages  buildings  \n  British  Columbia.  - - 


Camponotus  nlgrlceos  var.  pbnlger 

South  Australia.  * - *— 

Takes  sweets;  In  houses* 

^Australla^griPe 8  "  Aufltrallnn:  sugar  ant. 
Houses. 


Camponotus  ounctulatus 
BraslIT 

Sweets;  houses. 

Camponotus  rufioes 
Brasil. 

Stakes  In  ground. 

Camponotus  senex  var.  mus 

Brasil.  - 

Stakes  In  ground* 
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Card locondrln  brlttenl 
E norland  (imr> o r t e  d) 

Butterbeans;  probably  a  predator. 

Cre na t ogaste r  llneolnta 

united  States^ - 

In  houses;  takes  sweets. 


Dollchoderus  bl tuberculatus  -  Indian: 
Dutch;  zwarte  cacao-mler. 
Formosa  to  Java. 

In  houses. 


clack  cacao  ant? 


Dorymyrmex  pyramlcus  -  U.s. : 
Western  United  States. 
Houses. 


pyramid  ant 


clnerea  -  l/.S.r  'brown 
Western  United  States. 
Houses?  sweets. 


field  ant. 


Irldomyrmex  a nails 

Southern  United  States.' 

In  houses;  takes  sweets. 

Irldomyrmex  anceps  vnr.  oarvnnn 
New  Guinea,  Northern  Australia 
House  pest. 


Irldomyrmex  detectus  -  Australian; 
Southern  Australia . 
Occasionally  Infests  stored  foe 
often  extensive  and  mounded 
Takes  neat  and  sweets. 


neat  ant.  mound  ant. 

.  Nest  subterranean, 
with  many  entrances. 


Irldomyrmex  donestlca 
Australia* 

In  houses. 


Irldom 


aomjrnnex  ftlaber 
Houses. 

-d0^^Xnthr^e-nohU;3i'  fo^'d'U^tlnc^lSna;-'0™1 

0^ta  ^rcioker^atfLsind,ct^cf°.fM^rh™mtriy 

Most  o.slly  transported  by  nnn.  ^  humidity. 


~rlHouaea^*  *nlquus  VHT-  nifellus 
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~AustrnXfn ~ pnl-^—  “  Australian:  little  black  ant. 
Takes  sweete;  in  houses. 

Laoius  brunneus 
Eurooe. 

Food  stores. 

Lflslus  ema-^inatue 
Eurooe . 

Food  stores. 

Laslus  fuitglnosus 
Eurooe • 

Panelling  and  furniture;  food  stores. 

La  si  us  inte  r.lectus 

Eastern  United  States. 

Invades  houses. 

Laslus  nlfer 
Europe. 

Food  storer. 

Lnslur,  umbra  tus 
Eurooe. 

Food  stores. 


~9”Cttrgf  ggf°UlntTffi  SSSlSSPms.  -  0.3.S  California  velvety 

Pacific  States. 

Houses;  3weets. 


-  -  a"°j-C^tpr  -  Dutch  Seat  Indies:  hulenler 

Troolcopolltan,  United  States  -  Southern  Stater 
Frofers  enlnal  to  vegetable  fool  but  takes  sur»r  rendllv 

and *f abrlcsCCni<I"v  ’ ett«ck°i *  *?  ?*lek-  *>»<«*•  elSJhfti 
sherthini  ^  H  -y  attack  insulation  and  even  lead 

walls.  electric  cables.  Nests  In  crevices  of 


Monoraorlun  florlcola 
rroolcoooiitan. 

Under  bark  clunoe  of  Tlllandsla  (Soanlsh  no"»)  in  b-,n„ 

storei  ?ood^^B  °f  hUrmn  t00i •  ™rtlculeriy'onsf 
stored  food;  house  oeot  In  Australia.,  RluKlu 


Monoroorlum  frpterculum 

Queens  land,  Lord  Ho-ve  Id. 
Probably  in  houses. 


Norfolk  Id. 


Monomer lum_  pracllilmum  vr v.  mayrl 
Trooical  and  warm  temrie  rate  01 
Attacks  electrical  Insulation. 


a  World, 


L.nysnn  id. 
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Mo non or lure  Ilia 

Western  Au'stra  11a. 

Houses  and  food. 

Monomorium  latlnode 
Java,  El utflu. 

Attacks  almost  all  articles  made  of  rubber;  In  houses. 

Monomorium  minimum  -  U.  S.:  little  black  ant. 

United  States. 

Houses. 

Monoreorlum  mlnutum 
Old  World, 

Sometimes  a  house  pest.. 

Monomorium  nharaonl s  -  U.S.;  Pharaoh's  ant;  German; 
Pharaoamelse;  Australian;  little  yellow  ant. 
Cosmopolitan. 

Food  stores;  houses;  butter,  neats,  soap,  cold  cream; 
takes  sweets,  Hest  under  bark  in  Java, 

Monomorium  solononls  -  U.S.:  Solomon's  ant. 

Cosmopolitan. 

Houses. 

Paratrechlna  bourbonlca  benrralensls 
South  and  easternTsln. 

In  houses. 

Faratre china  longlcornls  -  U.S.:  crazy  ant;  British  Guinea; 
black- crazy  ant. 

Tronlconolltan,  rarely  Indoors  In  temperate  regions. 
Infests  food;  general  rest;  houees.  Dead  not  taken  back 
to  nest. 

Paratrechlna  obrcura 

Australasia  and  Me'*  Caledonia. 

Houses. 

Paratrechlna  vagn 

Australasia  and  Pacific  Island, 

Hcuaes. 

Paratrechlna  vlvldul a 
Tropi copoll tan. 

General  oest;  houses, 

Pheldole  lavana 

Formosa  and  East  Indio e  to  Guam. 

In  houses,  .  . 

Pheldole  megacenhaia  -  U.S.;  Madeira  ant;  South  African: 

*  Srcvn  house  r  nt , 

Troolconolitan. 
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Stored  food;  orefers  to  nest. under  stone  slabs,  nests 

under  stones  and  in  crevices  of  walls;  a  harvesting-  ant. 
Serious  pest  In  Australia.  F 

Pheldole  oceanloa 

Australia  and  Pacific  Is. 

Pest,  houses. 


"^iouth^Alrfca^0^^0116  ~  3outh  African:  ougnacious  ant. 

Carnivorous  and  Insectivorous,  takes  ermites,  but  can  be 
a  pest.  Nest  with  many  small  entrances  surrounded  by 
very  flat  craters.  In  houses.  y 


£iSf?Sll^oilTE^S1  '  DUtCh  E*St  Indle?! 

Housea.  Nests  under  bark  or  In  sand.  Pest  In  Australia. 

Prenolenls  fulva 

widespread  In  troolc6. 

Houses. 


~~"°ant°  £°rtlc"lls  SMS2Sloa  -  British  Oulana:  red  household 

N.  E.  South  America. 

Houses. 


— ■ U*?*i  flre  *nt;  Indies: 

TroMooooUtJn1  8,Ml1  red  *nt- 

<>r0^n.~1StjriJr’r°bnn1)r/*ts  “eeds  »nd  insects,  rather 

feed®r»  .Prefers  loamy  soil  along  stream  banks 

wlthJIut^a^-fi!!^8?^*1*  covered  cotton  with  or* 
without  oara.fln,  .Prefers  meat?  but  rill  take  sweets. 


thief  ant. 


Solenoosls  nolesta  -  U.  S. : 

United  States. 

Feeds  on  fat  and  protein;  occasional  In  houses. 

Sole^2|i|i||msalina  -  Portuguese:  foreign  do  fogo. 

Th0A»a!on?aJ1reg!Sn!fr0n  ' °  B°llvla'  esnecl«ny  «» 

^TSn^d-st;?;-. MoCook'8  nre 

Attacks. linen,  silk,  wool,  cotton  fabrics;  soiled  clothes 
raSSt .  reQdpy  nttKcked;  meat,  butter,  nuts,  greasy 

o  ptn  ^i„rrtB?8- 

daraage 1 to*  Insulation? *  by  <^<1  ants, 

MsHiH1ffori[fo5i?^a  - u-  3-: 
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Very  general  feeder,  attacks  cloth,  fruits.  Forages  chieflv 

hours*  Stored  foods  of  various  kinds.  Nests 
under  boards  and  stones  and  in  cracks  of  sidewalks. 

Wn^^giianooenhalun  -  British  Guiana:  email  crazy  ant. 
A11neau!  'peatT  Routes.1’™1*  ^  baI*  anrt  ln  te™lte 

Ia2&Isf?nf."  u,s,:  °'lorous  hou6e  ant- 

Houses. 

Tan 1 noma  sirarothl 
Morocco. 

An  sSeets^enFnnaWm1ChKln^d£?S  houses;  omnivorous  but  ©refers 
sweets.  Food  may  be  kept  ln  wire  safe. 

"  tetorquene  -  Australian:  black  house  ant. 

Tropical  and  south  temperate  Old  World,  Pacific  Is 
-n  mouses  and  stores,  parlous.  Coccld  tender. 

Tetmmorlum  caeault^m  -JJ  3. :  onvement  ant;  Enplleh;  meadow  ant 
u.  o. .  au rone an  meadow  ant. 

Houses?  °entral  Unlte<5  States;  Europe,  Africa. 


Tctranorlun  gulneense 

Florida  and  Gulf  Coast,  Troolcopolitnn. 
In  houses;  abandoned  termite  nests. 


Tetramoriun  slmllllmun 

Florida  and  Gulf  Const,  Troolcopolitan.’ 
in  houses.  Nests  under  stones  and  logs. 


Trlglyohothrlx  strlotldens 
widespread.  ' 

House  and  store  pest. 


y^fl'^nnla  auropunctatn  «.  U^S,  ; 
Florida,  Yroplcopofitan.* 

Stings;  feeds  on  honey  dew; 
Arachnlda 


small  fire  ant, 

nest  on  ground  and  In  trees. 


AleuroglyphuB  ovatus 
Europe .  ’ 

Wheat,  flour,  etc.; 


prefers  protein  or  fat  In  seeds. 


Blorala  kulaglnl 
Rursla. 
Wheat. 


Blomia  thorl 
Russia. 
Flax. 


Caloglyphus  rodlanovi 
Europe . 

Wheat,  rye,  oil  seeds. 


Carpoglyphua  anon.vmus 
Europe, 

On  wine,  dried  fruits,  dried 

Carpoglyphus  lactls 
Europe . 

Dried  fruits,  Jams,  wine  even 

Carpoglyphua  passularum  -  U.S. : 
California, 

Dried  fips,  reaches,  raisins, 

Carpoglyphua  talwanensla 
Formosa, 

Sugar. 


fl^s,  cheese,  flour, 

in  bottles, 
dried  fruit  mite, 
prunes,  apples,  ham. 


grain. 


Chortoglyphua  arcuatus 
Europe. 

Grain,  rice,  flour. 

Chortoglyphua  graciliues 

united  States: - 

Tobacco, 


Dermanyssus  galilnae 
Cosmopolitan. 

H»e  occurred  In  houses.  A  oaraslte  of  chickens,  bites  nan 

Sberhardla  krame  rl 
Widespread. 

Tobacco,  grain,  flour. 

Eberhardla  redikorzewi 

Bashkiria. - 

Moldy  grain. 

Erlophyes  domeetlcus  -  (This  la  , 

Europe,  - -  enlgrcatlcal  species.) 

Smoked  meat,  may  be  a  predator. 

Fc renin  la  fusoa 
Europe , 

Grains;  not  found  in  fields. 

~??VerU3  '  E'nSlleh!  hairy  ralte, 
drain; " not  In  field;  wheat,  bran  flaxseed. 


Ol£C£^|i^tlcu£  -  U.S.:  furniture  mite;  Gemnn: 
Holarctic. 

Attacks  fiber,  hair,  various  foods,  grain  fur  fenth*™ 

S'  riVB  -  nt^/e' 

soloes.  Lethal  temperature  above  104of\  *  *  r 


Glycyphagus  fustlfer 
Europe .  ~  ~ 

Grain,  not  in  field. 


Glyoynhacrus  nlchaell 
Europe. 

Grain,  seeds,  flour,  hay. 

Glycyphagus  obeeue 
united  States.- 
3eeds. 


Glycyohagua  ornatus 
Europe.  " 

Grain. 

Glycyphagus  robustus 
united  States. 
Seeds. 


Glycyphagus  solnlpes 
Europe . 

Candy  factories. 

Kurlnla  ghlzoglypbolden 

Russia. 

Grain, 


Lepldoglyphns  destructor 
Europe .  ~ 

Grain, 


-8truct(^  a is»aa  -  Bi*llsh:  h.lry  mite. 
Wheat,  rye,  oats,  barley. 

Lepldoglyphua  nlchaell 
Europe . 

Grain. 


Monletlelia  entomoohag* 

Europe , 

Grain,  flour;  not  in  field. 


Pedlculoldea  tritlcl 
Europe , 

A  predator  causing  dermatitis. 


<s 


3*K) 


Phaulocylilb*  marglnatus 
Europe , 

On  wooden  shavings  in  a  vinegar  factory. 


Hhlzoglyphus  callae  -  German:  Wurzelmilbe. 
Malaya,  Fast  Indies,  introduced  elsewhere, 
Conra. 


Rhlzoglyohus  e chi nopus  -  German:  Kartoffelrailbe 
Europe, “Worth  America. 

Stored  cereals,  lb*  moisture  or  over,  grain,  potatoes,  bulbs. 
Life  cycle  20-30  days;  development  32  days, 

Tarsonemus  hordel 
Japan. 

In  grain. 


Tyroglyphus  americanus 
united  States, 

Seed,  grain. 


Tyroglyphus  farlnae  -  U.S.:  flour  mite;  German:  Mchlmllbe. 

Cosmopolitan. 

Feeds  on  fungi  growing  on  damn  seeds  of  kok-saghyz;  mustard 
seed,  wheat,  rye,  oats,  barley,  cheese,  flour,  cereal 
products,  oil  seeds,  tobacco.  Store  grain  at  11*  moisturo 
in  temperate  zone  and  lower  in  tropics.  Mills,  granaries. 
Requires  14-17*  moisture,  breeds  at  53i-115°Ft  * 

12  hours  at  120°F.  Dormant  below  27°f. 


Dies  in 


Tyroglyphus  llntnerl  -  U.S.:  mushroom  mite. 

United  States,  Europe . 

Tyroglyphus  siro  -  U.3.:  cheese  mite;  German:  Kasemllbe. 
Cosmopolitan. 

Cheese,  dried  fruit,  etc.,  not  in  field,  grain,  flour. 

Tyroglyphus  terminally 
United  Stetes. 

Cheese. 


Tyrophagus  bulla rl 
Crimea. 

Wheat,  corn. 

Tyrophagus  diraidiatus 
Europe. 

Oil  seeds. 


Tyrophpgus  lnfesteus 
Europe . 

Grain. 
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LlVin£*mushroon,s;  chces* 

°  onsoed'  coconut,  dead  insects”'  flax'  raustar<i, 

Onhomm  _ _ 


,  -insects.  • 

-X£$s£ma§.  moophng.,.  -  n -  „ 

Europe.  5 —  17380  •  Wehlwurmnllbe. 

IBs^ 

■^rS°hp'Fik  noxlus  -  English* 

Hussla.  "  ftJ-isn.  elongate  nite. 

wroa^.Tbf^y^e^.  8*ed9  of  ^^Ba(?hyj;  whent 

?U*>n«U. _  .  1 


*  ,  “'--iyj. j.nn ,  — wneat, 

f^eacentla.  .  UiS  , 

Oram?  wqu"^.  ,*.*  *"*  "“*■  elon**‘°  «lte. 

drmd  neat,'  ricuH*  drl^  f~U,  cheese,  cocra. 


